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INTRODUCTION 
Historically grain has been preserved by reducing its moisture 
content to a safe storable level. A low moisture content results in 
decrease of respiration by the grain and inhibition of activity by micro­
flora in the grain, both of which are sources of deterioration in grain 
quality. 
In the past, most drying has been done in the field before harvest, 
with nature providing the heat energy and air movement necessary for 
removing moisture from the grain. With the development of high capacity 
harvesting machines, and the desire to complete the harvest as quickly as 
possible to insure against losses due to unfavorable weather, the need 
for postharvest drying of the grain has become important. 
Generally grain is placed in a bulk container, and air is passed 
through it. As the air moves through the grain, the air temperature drops 
as it gives up the heat energy used to evaporate the moisture in the 
grain. At the same time, the humidity of the air increases as the air 
picks up water that has been evaporated from the grain. If the column of 
grain is deep enough, the air will reach equilibrium with the moisture in 
the grain. Beyond this point no further drying can occur. 
Within the zone of drying, the rate at which the moisture content of 
( 
the grain changes is a function of several external variables, such as 
the dry bulb temperature and relative humidity of the air and the velocity 
of the air past the kernel. Drying rate also depends on the level and 
distribution of moisture in the kernel. 
Hukill (2i) has pointed out that a description of the drying pattern 
2a 
for fully exposed single layers of grain is useful in describing the 
changes which occur within the drying zone. In a bin dryer, conditions 
surrounding the kernel are continuously changing, dictated by the manner 
in which each preceding layer has dried. An accurate description of 
changes in a single layer within a batch of grain is difficult to obtain 
since the sample cannot be weighed periodically without disrupting the 
system. In a laboratory controlled experiment using single layers of 
grain, however, conditions can be held constant. Periodic weighings of 
small fully exposed samples can be readily accomplished. The results can 
be described in terms of the constant test conditions and applied to a 
batch of grain by considering each layer as fully exposed to the exhaust 
conditions of the immediately preceding layer for an infinitesimal time 
period. An integration procedure would lead to a description of the 
drying pattern for the entire bin. 
In describing the drying conditions of a single layer of grain which 
is fully exposed to constant surrounding conditions, a number of factors 
must be considered. Movement of moisture out of the kernel, whether as 
liquid or vapor, involves a mass transfer mechanism. Heat flow into the 
kernel to supply the energy required for vaporizing the moisture entails 
a heat transfer mechanism. These basic phenomena are supplemented by 
chemical reactions which interact with both moisture and heat flow. In 
working with grain, a biological aspect must be considered since the 
kernel is, or once was, a living organism. 
Since all of these factors enter into the complex mechanism of 
drying, accounting for all of them by simply measuring the change in 
2b 
total weight is, perhaps, an impossibility. However, as better 
instruments and controls become available for obtaining data, and as the 
basic theories are examined and revised on the basis of better quality 
data, the description of the drying mechanism can be improved. 
OBJECTIVES 
The objectives of this research include the following: 
To obtain laboratory data which accurately describe the drying pat­
terns of single layers of shelled corn exposed to constant conditions. 
The variables to be considered include the dry bulb temperature and 
relative humidity of the air, the air velocity, the initial grain 
temperature and the initial moisture content of the grain. Tests 
are to be run until the change in moisture level is negligible. 
To determine from the data a more accurate concept of the manner in 
which the different variables affect flow of moisture out of the 
grain. 
To select a mathematical model which will satisfactorily describe the 
manner in which single layers of corn subjected to constant conditions 
will dry. Coefficients for this model will be examined to determine 
their dependence on the test variables. 
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REVIEW OF LITERATURE 
A number of researchers have reported attempts to describe, both 
subjectively and objectively, how various materials dry. In many cases, 
these models succeed in accurately describing the initial part of the 
drying curve but fail in describing the final part as the material 
approaches equilibrium with the surrounding air. 
In general, a porous solid saturated with moisture may begin to dry 
at a constant rate (18) because the material presents, in effect, a free 
water surface. For grain, however, the constant rate period is seldom 
encountered because it occurs before the crop is mature enough for 
harvest. In drying high moisture crops such as sweet corn or freshly-cut 
hay, however, it might be noted. The constant rate period is followed by 
a falling rate period during which moisture must be removed from the 
interior of the material. Study of the falling rate period has been 
reported in the literature by numerous investigators. Several theories 
have been advanced to explain the method of moisture removal during this 
period. 
Moisture Concentration Gradient 
In searching for a model for describing the drying rate of a porous 
solid, a common assumption has been that Pick's first law of diffusion (8, 
10) is applicable, i.e., that the drying rate is proportional to the 
moisture concentration gradient within the material. In mathematical 
terms this is stated: 
Q = -D ôm/ôx (1) 
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where Q = rate of flow per unit area 
D = diffusion coefficient 
m = moisture concentration 
X = linear distance 
This expression, in general, is consistent only for an isotropic medium 
whose diffusion properties at a point are the same relative to all 
directions. Equation 1 has been solved theoretically by using a constant 
coefficient of diffusion, for various regularly shaped objects such as a 
sphere (b,24,37) and a flat brick (30). Becker (5) employed this equation 
to describe the drying characteristics of irregularly shaped objects 
(including wheat), using a surface area-to-volume ratio as the character­
istic shape factor. These solutions, when fitted to experimental data, 
resulted in a satisfactory fit over the initial part of the drying curve. 
To obtain a better fit of the data Becker (5) assumed a variable diffusion 
coefficient. He found the diffusion coefficient to be constant over the 
moisture range of 0.13 to 0.26 gm/gm dry matter but to increase with 
increasing moisture over the range of 0.076 to 0.13 gm/gm dry matter. 
Henderson and Pabis (16) suggested that the failure of the diffusion 
equation to accurately describe the drying curve during the final stage 
may be because of an increased energy requirement for desorption at low 
moisture levels. Becker (4) studied the theoretical relationship between 
the energy required for desorption and the number of localized sites 
available within the kernel for adsorption of moisture. He found a 
correlation between the number of localized sites available and the 
surface equilibrium moisture content of the kernel. He suggested that 
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the moisture molecule most closely associated with each localized site was 
held very strongly and that each subsequent molecule was held at a lower 
energy level. Dale and Johnson (9) found that the heat required to 
remove moisture from shelled corn and wheat was up to 1.06 times that of 
free water for moisture contents above 0.14 gm/gm dry matter but at 0.10 
gm/gm dry matter it ranged from 1.15 to 1.20 times that of free water. 
The higher heat requirement was independent of the temperature or the rate 
of drying. McEwen et al. (27) suggested that a chemical change takes 
place within the kernel as it dries, as evidenced by an increase in the 
specific heat of the kernel at low moisture levels. 
According to Gerzhoi and Samochetov (11,p.32) the moisture in grain 
may be bonded by any of three methods: 
a) the chemical bond ; water chemically bound to the substance 
is held most strongly and an especially intensive treatment 
by heat or chemical action is required for its removal; 
b) the physicochemical bond ; the adsorbed [strongly held by 
the substance], the osmotically-absorbed [less firmly held], 
and the structural moisture [characterized by swelling of 
the body] belong to this type of bond; 
c) the mechanical bond; the capillary moisture [situated in 
the pores] and the wetting moisture [situated in the pores 
as well as on the surface] belong to this form. 
As drying proceeds, the least tightly bound water is removed first, 
followed by the more strongly held types. The removal of one form gradu­
ally grades into removal of a more closely bound form. 
Vapor Pressure Gradient 
Babbitt (3) pointed out that the assumption of a moisture concentra­
tion gradient as the driving force for the removal of moisture from the 
kernel, although convenient, is not correct if (as for grain) the moisture 
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concentration gradient and the vapor pressure gradient are not linearly 
related. He devised an experiment using a piece of fiberboard, in which 
the moisture flow was in response to a vapor pressure gradient but against 
a moisture concentration gradient. 
Hukill and Schmidt (22) suggested that the rate of flow at a point 
in the kernel is a function of the kernel humidity gradient. Kernel 
humidity was defined as the relative humidity that is in equilibrium with 
the average moisture content of the kernel at a given time. Since the 
relative humidity is directly proportional to the vapor pressure for a 
given temperature, the rate of flow will also be a function of the vapor 
pressure gradient. 
The model of Hukill and Schmidt consists of two aspects describing 
the change in average moisture content, one for the initial period of 
drying and the other for the period when the moisture content approaches 
equilibrium. The rationale for a two-aspect model can be illustrated by 
considering the drying gradient in an analogous flat plate, which 
initially has a uniform moisture throughout. As drying begins, a gradient 
(indicated by the solid lines in Fig. 1) forms and gradually extends 
toward the center of the plate. Since the gradient is symmetrical about 
the center, it cannot extend past this point. The upper portion of the 
gradient then drops more rapidly (indicated by the primed numbers in Fig. 
1) extending from the center to join with the original gradient. The 
dashed lines indicate where the original gradient would fall if it still 
existed. The average moisture content, represented by the area under the 
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extended to the surface. After this the pattern describing the change in 
average moisture content takes a different form, corresponding to the 
second aspect of the drying curve. 
This analogy concerns only the internal resistance to the flow of 
moisture in the absence of any external resistance. The second term of 
the model proposed by Hukill and Schmidt accounts for the external 
resistance to moisture flow. The external resistance is inversely 
proportional to the square of the kernel humidity gradient. The form of 
this term remains the same throughout drying. 
Variables Affecting Drying 
Temperature 
Considerable evidence has been accumulated to show that the tempera­
ture of the air has an important effect on the drying rate. Simmonds et 
al. (34) obtained a significantly faster drying rate when the temperature 
was increased from 70° to 170°F. Other investigators (5,6,22,26) have 
also reported a significant effect on the diffusion coefficient caused by 
a change in temperature. 
Internal grain temperature is significant in determining internal 
moisture movement. Becker and Sallans (6) found that the temperature 
inside a wheat kernel approaches the air temperature very rapidly and 
except for the first few minutes, the two temperatures are never more 
than a few degrees apart. Pabis and Henderson (30) showed that the 




An effect of air velocity on drying has been noted by some research­
ers but not be others. Siramonds et al. (34) reported no significant 
effect of air velocity on the drying of wheat over a range of 32 to 163 ft 
per min. Babbitt (1) observed that wheat dries faster in circulated air 
than in still air. Henderson and Pabis (17) found an effect of velocity 
at the start of the drying period. They attributed this effect to heat 
transfer into the kernel rather than vapor removal from the surface. 
Hukill and Schmidt (22) detected an effect of velocity on the drying rate 
of grain sorghum when using velocities of 35 to 240 ft per min, Ives et 
al. (25)J using counterflow drying for wheat reported no significant 
velocity effect. In most cases, the bu-lt rate of air flow has been used 
to determine the reported velocity. In actuality the velocity at the 
kernel surface is the value which affects heat and mass transfer charac­
teristics at the surface but it is more difficult to measure. 
Relative humidity 
An effect of relative humidity on the first part of the drying 
pattern has not been observed by all investigators. Simmonds et al. (34) 
reported a decrease in the rate of drying when the relative humidity of 
the air increased. They found that a three- to four-fold increase in 
absolute humidity (gm water/gm dry air) is roughly equivalent to a temper­
ature drop of 50°F. McEwen and O'Callaghan (26) found that the relative 
humidity has no significant effect on the drying coefficient. 
As the grain dries to the state at which it is in equilibrium with 
the surrounding air, the level of relative humidity and temperature of 
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the air determine the minimum level to which the moisture may drop. 
Several researchers have investigated this equilibrium relationship and 
determined a graphical relationship (13,14,15). Henderson (15) proposed 
the following mathematical model: 
1-h = exp (-C T m^^) (2) 
where h = relative humidity of the air (decimal form) 
c,n = parameters dependent on the kind of grain 
T = absolute temperature (°R) 
ra^ = equilibrium moisture content (percent dry basis) 
Hall and Rodriguez-Arias (13) found the parameters c and n of 
Equation 2 to be dependent on temperature. With this modification, 
Equation 2 agrees with experimental data in the range of 10 to 60 percent 
relative humidity. At high relative humidities there is a lack of reli­
able data because of rapid deterioration of the grain under warm, humid 
conditions. 
Size and shape 
The size and shape of the material being dried have been considered 
as significant variables by several investigators. Simmonds et al. (34) 
observed the drying rate to be inversely proportional to the diameter of 
the wheat kernel. They found that the diameter of the kernel may change 
by as much as 15 percent during drying. Becker (5) considered a shape 
criteria (surface area-to-volume ratio) in applying a theoretical equation 
to the drying curve of wheat. 
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Predrying treatment 
Another variable to be considered in a study of the drying rate of 
grain is the treatment of the sample after harvest but before drying. 
Hustrulid (23) reported no significant difference in the drying rates of 
corn stored at 0-10°F and at 35-40°F. He did find a difference between 
naturally moist corn and samples that had been remoistened. Ives et al. 
(25) reported that wheat stored for 21 days dried 3 percent faster than 
freshly harvested grain. Henderson and Pabis (16) pointed out the dif­
ficulty of obtaining a uniform moisture content in fresh samples. They 
also noted that stored samples were subject to variations which made 
them not representative of naturally wet, undried grain. 
13 
ACQUISITION OF EXPERIMENTAL DATA 
Equipment 
A laboratory dryer was designed and constructed for holding single 
layered samples under constant drying conditions for several weeks. 
Temperature, relative humidity and air velocity were accurately maintained 
in the system for the desired exposure time. The system (Fig. 2) 
consisted of an exposure chamber for holding the samples, a packed tower 
for saturating the air at the dew point temperature and a heater section 
for maintaining the desired dry bulb temperature. 
The exposure chamber (Fig. 3) consisted of four cells, each having a 
separate velocity control. Each cell held four samples (Fig. 4), giving 
a capacity of 16 samples for each test run. The chamber was well 
insulated, and an additional amount of conditioned air was passed through 
an open space surrounding the chamber as an aid in maintaining a minimum 
temperature gradient within the sample chamber. 
The samples, weighing approximately 50 grams each, were placed in 
4x8 inch trays made of screen wire on a metal frame. A screen wire 
cover was used to prevent accidental spilling during handling. 
The drying air was conditioned by first passing it upward through 
the packed tower (Fig. 5) while water moved down through the ceramic 
saddle packing material. The water used for saturating the air was 
maintained at the desired dew point temperature in a water bath be­
neath the packed tower. Excess water droplets remaining in the saturated 
air were removed by a furnace filter placed above the packed tower. Close 



















Fig. 2. Schematic drawing of exposed kernel drying apparatus 
W 
ma 
Fig. 3. Overall view of drying chamber 
Fig. 4. Inside view of drying chamber 
Fig. 5. Saturation tower and water bath Fig. 6. Air heater section 
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agreement between the temperature of the water bath and the temperature 
of the air leaving the tower assured saturation of the air. The pipe 
conducting the air from the saturation tower to the heater was well 
insulated to minimize possible condensation of water from the saturated 
air. 
Temperature of the water bath was regulated by a relay controlled by 
a mercury sensor submersed in the water bath. The relay operated a 
solenoid valve, allowing a coolant to circulate through coils in the water 
bath. Continuous agitation of the water provided a uniform temperature 
throughout the water bath. If additional heat was required, electric 
resistance heaters were used. Although the air was generally recirculated, 
test conditions with a dew point below 50°F sometimes required the use of 
supplemental outside air to keep from exceeding the capacity of the 
cooling system. Fluctuations in the temperature of the outside air, 
however, allowed less precise control of the dew point temperature by this 
method. 
The saturated air was passed through a bank of electric resistance 
heaters to raise the temperature of the saturated air to the desired dry 
bulb temperature. The amount of heat added to the air was controlled by 
a wire wound resistance type sensor placed at the entrance to the drying 
chamber. Baffles placed in the air stream thoroughly mixed the air before 
it reached the sensor. The air then passed upward through the samples and 
recirculated in the system. 
Since the dew point of this drying system could not be set below 
about 34°F, a second dryer (Fig. 9) was constructed for maintaining 
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conditions with a lower dew point (-100° to -50°F). This low humidity 
dryer also contained four chambers, each holding four samples, giving a 
capacity of 16 samples per test. The air in the dryer was recirculated 
through a bed of silica gel which removed water from the air. A 
refrigeration system cooled the air before it passed through the des-
sicant, thus allowing more efficient use of the dessicant. 
Each cell of the low humidity dryer had a separate temperature and 
velocity control. Temperatures were maintained by electric resistance 
heaters controlled by mercury plunger relays. Velocities were measured 
and controlled by adjusting a gate valve to maintain the pressure drop 
across an orifice plate (Fig. 10). 
Outside leaks into the system were encountered in the initial run. 
This problem was alleviated by maintaining the pressure inside the dryer 
at a slightly higher pressure than the atmosphere. 
Measurements 
Weight 
Samples were weighed periodically on a Mettler analytical balance 
(Fig. 7) which had a capacity of 200 grams and a sensitivity of 0.0001 
gram. Samples were removed from the dryer and weighed hot so that some 
error was encountered due to drifting of the scale. An experienced 
observer, however, could observe the readings so as to minimize the drift 
error. Early readings from samples exposed to high relative humidities 
had considerable drift so that weights for the first part of these samples 
were subject to large error. 
Fig. 7. Precision balance and time clock 8. Blower 
Fig. 9. Low humidity drying chamber 
Fig. 10. Air velocity controls - low humidity dryer 
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Temperature 
Temperatures were measured by placing thermocouples at various points 
in the system and reading them with a null type precision potentiometer. 
Sensitivity of the potentiometer was 5 microvolts (about 0.25 F degrees). 
The potentiometer was balanced against a standard cell before each set of 
readings to minimize drift of the balance point. The ice pot was changed 
frequently to assure a constant reference temperature. In addition a 
recording potentiometer was used to monitor various temperatures continu­
ously and record any major disruptions in the condition of the drying air. 
Relative humidity 
Relative humidity was computed as the ratio of the saturated vapor 
pressures of the air at the dew point and dry bulb temperatures. 
Air velocity 
Movement of air into each cell was regulated by maintaining the 
desired pressure drop across a calibrated, perforated metal sheet with a 
given size and number of uniformly distributed open holes. In the low 
humidity dryer, calibrated orifice plates were used to measure air flow. 
To obtain a velocity measurement in the vicinity of the kernel, a 
thermocouple anemometer was used (20). This anemometer was calibrated in 
a 4-inch diameter pipe. Its use in the exposure cells, with a much larger 
cross sectional area, however, gave erratic results. This was apparently 
due to the various directions of air movement in the larger chamber. 
Better results were obtained when the anemometer was placed a short 
distance above the samples. Any movement of the kernels, however, as was 
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inevitable during the weighing process, varied the velocity pattern past 
the sample. 
Moisture content 
Moisture contents of the samples were determined at the conclusion 
of each test using the standard oven method (35). Observed moisture 
contents among samples subjected to the same conditions sometimes varied 
by as much as 0.005 gm/gm dry matter. An average of all the samples in a 
test was used as the final moisture content for each sample. 
Procedure 
The corn samples were harvested in the fall at a moisture content of 
about 0.42 gm/gm dry matter (30 percent wet basis). All samples were 
hand shelled to minimize mechanical damage. The corn was divided into 
four lots, and three of these lots were subjected to further unheated air 
drying using laboratory air. They were dried to moisture levels of 0.36, 
0.31 and 0.21 gm/gm dry matter. Each lot was placed in a sealed plastic 
bag and stored in a refrigerator at 35°F. Some attempts were made to 
obtain samples directly from the field at all moisture levels, but the 
unpredictability of obtaining the desired moisture level made this 
practice less useful. 
For steady state conditions the dryer was placed into operation 
several hours before the start of a test. Samples were taken directly 
from storage, weighed and immediately placed in the dryer. In some tests, 
the samples were preheated to the dryer temperature in sealed glass jars 
before drying. 
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Each test consisted of sixteen samples, four at each, velocity. 
Characteristics of the four samples within each velocity were varied with 
different tests. Samples were periodically removed from the dryer for 
weighing, the interval between weighings being increased as the difference 
in moisture level between readings became less. Tests were generally 
continued for two weeks unless curtailed earlier because of a failure of 
the system. A few tests were continued up to four weeks. 
Experiments 
Tests were conducted to obtain data describing the drying pattern of 
fully exposed, single layer samples. Corn was used in most of the tests 
although soybeans and milo were included in later tests. The variables 
considered and the nominal values of each, were as follows: 
Dry bulb temperature: 90", 125", 160°F 
Relative humidity: 0, 5, 10, 20, 40, 60, 80 percent 
Air velocity: 20, 40, 80, 160 ft per min 
Initial moisture: 21, 31, 36, 42 percent dry basis 
Initial grain temperature: 35°, 70°, 125°, 160°F 
Not all combinations of these variables were included because of 
limitations of time and equipment. Replicates were run on several of the 
tests. Several samples were dried under test conditions outside of the 
above ranges. Some were dried at a temperature of 217°F in the low 
humidicy dryer to duplicate oven drying conditions. A few samples were 
rewetted but no extensive tests were conducted in this area. A total of 
496 samples were dried in 31 tests» A complete summary of the conditions 
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for all of the samples is given in Appendix A. Data for 208 selected corn 
samples are given in Appendix B. Tables 1 to 3 give a further breakdown 
of the samples by several classifications. Conditions of the drying tests 
for soybeans are included here and in Appendix A for the record, but time 
limitations did not allow an analysis of the data as was done for the 
corn samples. Four samples using milo are included in the above total of 
samples dried but are not included in the following tables. 
Table 1. Number of samples by temperature and relative humidity 
Tempera- Relative humidity 
ture (°F) 0 5 10 20 40 60 80 
Corn 
90 10 - - 8 8 8 8 
125 10 36 24 78 86 8 24 
160 10 24 8 24 16 -
217 10 - — - — — -
Soybeans 
90 6 - - 8 8 8 8 
125 6 12 8 18 12 8 8 
160 6 8 8 8 — — — 
217 6 "• " — — — — 
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Table 2. Number of samples by initial grain temperature 
Tempera­
ture (°F) Corn Soybeans Total 
35 219 137 356 
70 16 - 16 
125 71 5 76 
160 44 - 44 
Table 3, Number of samples by initial moisture 
Initial moisture 
% dry basis Corn Soybeans 





36 95 60 
42 151 66 
55 6 
100 - 2 
Total 350 142 
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QUALITATIVE EVALUATION OF THE DATA 
The experimental data were examined qualitatively to ascertain the 
effects of the variables on the drying pattern. The data were plotted 
using moisture (m) and rate (dm/dt) coordinates. Use of the rate rather 
than the time gives an instantaneous evaluation of the drying process 
rather than a cumulative evaluation. This plot highlights effects near 
the start of drying but minimizes differences as the moisture content 
approaches equilibrium. The method used to determine the drying rate at 
a point is explained in Appendix D. 
Moisture Content 
The moisture level of the kernel is the primary indicator of change 
in the kernel. The observed moisture content indicates the average 
moisture level of the kernel but does not show the moisture distribution 
pattern within the kernel. The moisture distribution, in some cases, was 
judged to be the main difference between the drying patterns of two 
samples which were similar in all other respects. 
A close look at the terra "moisture content" shows the imprecision 
associated with this term. The difficulty in defining moisture was 
pointed out by Oxley (29, p.16): 
The concept of water content implies that grain consists of 
a dry solid material plus a quantity of water which can 
vary within wide limits down to zero. This concept is 
sufficiently near the truth for most practical purposes, but 
as soon as questions of accuracy of determination are raised, 
it becomes important to recognize how far it is wrong to 
think of water and dry matter being merely mixed as distinct 
from combined in the chemical sense. 
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Water which is imbibed into a collodial material (such as 
grain)J is usually said to be partly adsorbed. This means 
that some water is held relatively loosely by capillary 
forces in the fine interstices of the solid material 
(absorbed) , while the rest is held much more firmly in very 
thin layers on all surfaces (adsorbed). These processes 
grade into each other, and it is impossible to draw a 
sharp line of demarcation between adsorption and absorption. 
Since the absolute amount of moisture in a sample cannot be deter­
mined, an arbitrary but repeatable standard is used. The primary standard 
for a number of years has been the oven method (35) in which the sample is 
dried at a temperature of 217°F and unspecified vapor pressure for 72 
hours, the weight loss after this time being called the moisture content. 
For practical purposes, the sample is assumed to reach a "constant weight" 
after the specified time. However, a more precise scale shows that the 
weight continues to drop indefinitely, resulting in negative moisture 
contents (Fig. 11). The rate of drying also continues to decrease indefi­
nitely. Whether this continual loss of weight is because of loss of 
moisture or loss of dry matter or both cannot be determined from the data. 
Grain Temperature 
Temperature plays an important role in determining the drying rate. 
Temperature of the grain rather than of the air appears to be more 
significant. It has been reported by other investigators (30), however, 
that the grain temperature of a fully exposed layer rapidly approaches 
the air temperature in an asymptotic manner. 
To check differences in drying patterns because of different initial 
grain temperature, some samples were placed into the dryer directly from 
cold (35°F) storage while others were first heated to the dryer 
0.05 -
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Fig. 11. Long term oven drying pattern 
temperature in sealed jars. Fig. 12 shows that for typical samples the 
cold one dried faster than the heated one. Since the opposite would be 
expected if the observed relationship was due entirely to the temperature 
difference, it was hypothesized that the distribution of the moisture in 
the grain may have been the cause of the observed i ults. Although no 
significant difference was noted in the average initial moisture content 
of samples subjected to each of the treatments, the heated samples may 
have had moisture movement within them during the heating period, setting 
up a gradient. Thus the cold samples with a more uniform moisture 
distribution would have a faster rate of drying at the start because more 
moisture would be near the surface. 
Cold samples dried under highly humid conditions (greater than 60 per­
cent relative humidity) generally show an increase in weight shortly after 
being placed in the dryer. When the kernel temperature is below the dew 
point of the air, condensation occurs at the grain surface. As the 
kernel is heated the condensate disappears and drying begins. 
Air Temperature 
Fig. 13 shows the drying pattern exhibited by samples subjected to 
different temperatures. After being placed in the dryer the samples 
appear to be adjusting to their new environment as evidenced by the sharp 
increase in the drying rate immediately after the start of drying for the 
high temperature samples and the sharp decrease in the drying rate for 
thfe low temperature samples. This adjustment might be accounted for by 
temperature changes or by changes in the moisture distribution pattern in 
Fig. 12. Initial grain temperature effect 
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the kernel. All of the samples plotted in Fig. 13 were subjected to air 
with a low dew point eliminating condensation (mentioned above) as a 
probable explanation for the observed behavior. 
After the adjustment period, the drying patterns exhibit a continual­
ly decreasing drying rate with the samples at higher temperatures drying 
at faster rates. Higher temperatures contribute to higher vapor 
pressures in the kernels, thus producing more favorable drying gradients. 
In addition the heat of vaporization of water decreases with higher 
temperatures, thereby lowering the amount of heat energy needed to 
vaporize the moisture. 
Relative Humidity 
Relative humidity shows an influence on the rate throughout the dry­
ing process. As the relative humidity decreases (holding temperature 
constant), the vapor pressure gradient becomes more favorable for moisture 
movement out of the kernel. The external vapor pressure and the tempera­
ture determine the equilibrium moisture content, the limit below which no 
more moisture can be removed from the kernel. As the moisture content 
approaches the equilibrium level, the drying rate becomes negligible 
(Fig. 14). 
Relative humidity also influences the initial drying rate (Fig. 15). 
The initial drying rates used in this plot were estimated by excluding 
the initial adjustment period mentioned in the preceding section. The 
procedure for obtaining this apparent initial drying rate is given in 
Appendix D. 
Fig. 14. Relative humidity effect approaching equilibrium 
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Air Velocity 
Velocity of the air has a significant effect on the first part of 
the drying curve (Fig. 16). Higher velocities produce faster drying 
rates. During the initial adjustment period, the lower air velocities 
exhibit a period of increasing rate before following the expected decreas­
ing rate pattern. This indicates that the initial warm-up period is not 
as rapid for samples subjected to a lower velocity. 
In a large mass of grain, the air flow rate has a noticeable effect 
on the drying rate because the air acts as the agent for supplying heat 
to evaporate moisture in the grain and for removing the evaporated 
moisture from the grain mass. In the single layer drying situation, 
however, the volume of air flow compared to the grain mass is so large 
that any changes in the condition of the air as it passes through the 
grain are negligible. The observed velocity effect was attributed to the 
change in vapor and heat conductance characteristics outward from the 
kernel surface. This being external to the kernel indicates that the 
external resistance to moisture flow has a significant effect on the rate 
of drying during the early part of a test. 
Initial Moisture Content 
The effect of initial moisture persists during the first portion of 
the drying curve, but the difference between the drying rates of samples 
with different initial moistures becomes indiscernible as the moisture 
level approaches equilibrium (Fig. 17). The data plotted in Fig. 17 are 
typical of a large number of the tests, in which the samples with initial 
Fig. 16. Air velocity effect 
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moisture contents in the range of 0.35 to 0.37 gm/gra dry matter, started 
drying at a faster rate than did samples with higher or lower initial 
moisture contents. 
Speculation on the reason for the observed initial moisture effect 
centered on the prestorage treatment of the samples. The highest moisture 
samples (0.42 gm/gm dry matter) were stored in a sealed container immedi­
ately after harvest. The remaining samples, however, were dried with 
unheated room air to the desired moisture level before being placed in 
storage. Prestorage laboratory drying of the samples, being faster than 
the preharvest drying, may have changed the internal structure of the 
kernel to allow more rapid drying when the samples were subjected to the 
test conditions. No data for samples taken directly from the field with 
comparable moisture contents were available for testing this hypothesis. 
Summary 
The qualitative analysis shows that the first part of the drying 
curve is an adjustment period in which the kernel drying pattern is trans­
formed to the pattern dictated by the test conditions. From these 
observations it was concluded that use of the initial moisture and 
temperature of the kernel as the only measures of its predrying condition 
do not adequately describe the situation. Knowledge of the distribution 
of the moisture in the kernel at the start of drying is also necessary 
for describing how it dries during the adjustment period. Distribution 
of the moisture was not measured in the present tests. 
An effect of air velocity on the drying pattern is clearly evident 
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during the first part of the drying curve. Relative humidity effects are 
noted throughout the drying curve at all moisture levels. A temperature 
effect is also noted at all levels of moisture. 
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DEVELOPMENT OF A MATHEMATICAL MODEL 
Drying is a complex phenomenon which might be considered as a 
coupled flow process involving several basic mechanisms, each acting 
simultaneously with several others. Each of these basic mechanisms is 
influenced to some extent by each of the other mechanisms. Vapor diffuses 
out of the kernel in response to a vapor pressure gradient while heat 
flows into the kernel in response to a temperature gradient. At the same 
time the drying process may be influenced by certain chemical and 
biological processes which up to the present time have not been described 
well enough to allow an evaluation of their effects. 
Several attempts have been made to describe the drying process in 
terms of a diffusion mechanism (6,26,37). The mathematical form of such 
a model for one-dimensional flow with a constant coefficient of diffusion 
is based on Pick's second law of diffusion (8,p.3) given by: 
2 2 
ôm/èt = D (Ô m/ôx ) (3) 
where m = moisture concentration 
t = time 
D = diffusion coefficient 
X = linear distance 
This approach assumes that the rate of moisture movement at a point in 
a homogeneous solid is proportional to the moisture concentration 
gradient at that point. Generally the object is assumed to be regularly 
shaped (such as sphere or flat brick). Obviously corn and other grains 
are neither regularly shaped nor homogeneous in their composition 
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so that close quantitative results cannot be expected using this model. 
This model does not account for the simultaneous flow of heat into 
the kernel as moisture is removed. At the beginning of drying the dif­
ference between the kernel temperature and the air temperature is 
greatest. As drying proceeds, the kernel temperature approaches the air 
temperature asymptotically. Thus at the beginning of drying sensible 
heat is needed to raise the temperature of the grain in addition to the 
latent heat needed to vaporize the moisture. The sensible heat term 
becomes negligible after the warm-up period. 
Several researchers (16,24) have applied the relationship: 
a 
dm/dt = -k(m-m^) (4) 
where m = average moisture content (dry basis) 
t = time 
a = arbitrary exponent 
k = diffusion coefficient 
m^ = equilibrium moisture content 
When a = 1 this equation can be integrated to give: 
-kt 
m-mtg = c e (5) 
with c being a constant of integration. This model appears as a straight 
line when plotted on semilogarithmic coordinates. Such a plot (Fig. 18) 
shows that the model approximates the experimental data for only the 
first portion of the drying curve and consistently underestimates the 
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with this model by previous researchers might be explained by the fact 
that published experimental data rarely include observations taken after 
the first 24 hours of drying. 
Hukill and Schmidt (22) suggested that a better fit of the data could 
be obtained if the arbitrary exponent in Equation 4 was equal to two. 
This suggestion was evaluated by plotting experimental data on coordinates 
of log(dm/dt) versus log(m-mg). This plot (Fig. 19) indicates that a 
power of 2.2 is more appropriate than a power of 1.0 but that no single 
power is best for all portions of the drying curve. The poor fit of the 
model plotted in Fig. 18 becomes apparent when its differentiated form 
(Equation 4 with a = 1) is plotted in Fig. 19. The differential form of 
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THE HUKILL-SCHMIDT MODEL 
Babbitt (3) showed that moisture diffuses through a porous material 
in response to a vapor pressure gradient rather than a moisture concentra­
tion gradient. This concept was used by Hukill and Schmidt (22) to 
develop a mathematical model which satisfactorily describes the single 
layer drying curve for grain sorghum. In this model the kernel humidity 
is the independent variable. Kernel humidity is defined as the relative 
humidity in equilibrium with the average moisture content, as indicated 
by the moisture-relative humidity equilibrium relationship. Since rela­
tive humidity is directly related to vapor pressure for a given 
temperature, this model, in effect, considers a vapor pressure gradient 
as the potential for drying. 
The general mathematical formulation of this model is given as: 
m m 
m m, o o 
ho h h* (6a) 
m m 
[l/(h-hg)^] dm + t^ 
h^ > h > h 
e 
(6b) 
where t = time 
m = average moisture content (dry basis) 
h = kernel humidity 
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Cj = coefficient of external resistance 
C2 = coefficient of internal resistance, 1st aspect 
Cg = coefficient of internal resistance, 2nd aspect 
a = 2 = exponent of external resistance 
b = 1 = exponent of internal resistance, 1st aspect 
c = 2 = exponent of internal resistance, 2nd aspect 
Subscripts; o = initial condition 
X = transition between aspects 
e = equilibrium condition 
For this model it is assumed that the moisture content is initially 
uniform throughout the kernel. Internal and external resistances to 
moisture flow out of the kernel are assumed to act independently of one 
another. 
Evaluation of the Hukill-Schmidt Model 
The integral terms in Equations 6a and 6b were evaluated by numerical 
methods (Appendix G) using the moisture-relative humidity relationship 
shown in Fig. 20. These curves are based on the equilibrium moistures 
indicated by the single layer drying data and by similar data in the 
literature (13,15). The equilibrium moisture content for a given sample 
was determined by extrapolating the square root of the drying rate to 
determine the moisture content at zero drying rate. Evaluation of the 
integrals was done on a high-speed digital computer (IBM 360/50). Use of 
the computer saved considerable time compared to hand methods and allowed 
a large amount of data to be examined. 
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Coefficients were estimated using the method of least squares in 
which the squared deviations of time were minimized. The least squares 
method implies several assumptions (28,p.126): 1) the independent 
variable (moisture) is measured without error, 2) for a given value of 
the independent variable, the possible values of the dependent variable 
(time) are independently and normally distributed, 3) the variance of the 
dependent variable associated with a particular value of the independent 
variable is the same for all values of the dependent variable. These 
assumptions were not completely satisfied so that erroneous estimates 
were obtained for the coefficients for a few of the samples. The method 
was, however, applied to most of the samples with satisfactory results. 
Coefficients were computed separately for each aspect with the 
transition between the two aspects given by: 
hy. = [c/(b+c)] (hp-hg) + hg (7) 
Assumptions used in obtaining this relationship are given in Appendix C. 
The model was first evaluated with the fixed values of the exponents 
used by Hukill and Schmidt (a=2, b=l, c=2). A better fit of the data was 
obtained, however, when the exponents b and c were arbitrarily set. 
Arbitrary exponents were obtained for 160 samples covering a wide range 
of conditions. Study of the exponents picked in this manner showed that 
b is a function of the dry bulb temperature and initial moisture content 
while c is a function of dry bulb temperature and relative humidity. 
Empirical equations developed for these exponents are as follows: 
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b = 1.405 + 0.00220T - 1.283 m, 
o (8a) 
c = 2.315 - 0.00123T - 0.111 h 
e (8b) 
where T = dry bulb temperature (°F) 
m^ = initial moisture (gm/gm dry matter) 
hg = relative humidity (decimal form) 
For the samples used in evaluating these exponents (see Appendix B), 
b ranged from 1.0 to 1.5 and c ranged from 2.07 to 2.18. 
The integrals were evaluated using computed values for the exponents. 
Coefficients were then estimated by the method of least squares, minimiz­
ing the squared deviations of time. Examination of the resulting 
coefficients led to the following empirical relationships for prediction; 
Ci = 2505 - 0.937 V - 512 hg - 3303 m^ - 1639 
- 66.5 ra^ T + 144.2 m^^ T (9a) 
Cg = - 6049 + 786 T - 72,400 hg^ + 179,000 m 
+ 1018 T h J- - 2718 T m^ (9b) 
C3 = - 200+ 3.79 T - 1044 log^ (h^ + 0.01) (9c) 
where V = air velocity (ft per min) 
Plots of typical samples are shown in Figs. 23 through 28. 
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Discussion of Results 
After defining the coefficients and exponents in terms of the 
empirical equations given above, the Hukill-Schraidt model was found to 
give a satisfactory representation of most of the experimental data. It 
is not possible, however, to account for extreme variations in the drying 
pattern, particularly during the warm-up period. This is most often noted 
in samples subjected to conditions with a low drying potential. The study 
shows that a two-aspect model is definitely superior to the single-aspect 
models that have been proposed in the past. 
The close agreement of this model with the experimental data 
indicates that the use of the kernel humidity concept as the means for 
introducing the vapor pressure gradient into the drying equation is a 
valid approach. Some difficulty was encountered in defining the moisture-
relative humidity equilibrium curve at high moistures. Reliable data 
are difficult to obtain because the samples deteriorate rapidly under 
these conditions. The equilibrium curve was established by extrapolation 
at the high moistures. There is always a question of whether failure of 
the model to describe a particular set of data is because of the model, 
the equilibrium relationship or an irregularity of the data caused by a 
change in the drying conditions. 
In describing the coefficients and exponents, the air velocity is 
included in the equation. The value used for the velocity is a nominal 
value based on the total air flow rate through the cell rather than a 
velocity in the vicinity of the kernel. Initial temperature of the grain 
is not used in the empirical equations because an adequate number of 
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levels of this variable were not included in the tests to determine its 
effect quantitatively. 
The lengthy procedure used in evaluating the integrals for this model 
makes evaluation by hand methods extremely tedious. The high-speed 
digital computer used in this analysis made it possible to evaluate the 
integrals rapidly so that a large number of samples could be examined in 
obtaining the empirical equations for predicting the coefficients and 
exponents. These equations were developed after considerable search 
through various combinations of the test variables. They give a satisfac­
tory representation of the experimental data over the ranges of the 
variables used in the tests but could, with continued effort, be improved. 
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DEVELOPMENT OF THE THREE-ASPECT EXPONENTIAL MODEL 
The plot of the moisture gradient versus the drying rate 
(dm/dt) on logarithmic coordinates (Fig. 19) suggests that the drying 
curve can be satisfactorily represented by a three-aspect model, each 
aspect approximating a straight line on this plot. To facilitate analy­
sis, the data were reduccd to dimensionless form using the coordinates of 
moisture ratio (m^): 
(m-mg)/(mg-mg) 
and rate ratio (r^): 
(dm/dt)/(dm/dt)l 
1 mj. = 0.2 
The base rate at m^ = 0.2 was chosen because this point always appears in 
the relatively stable second aspect. Representative data showing the 
initial moisture and relative humidity effects on the drying data are 
plotted in Figs. 21 and 22. 
Characteristics of the first aspect are influenced to a great extent 
by the initial and predrying conditions. During the warm-up period (30 
to 60 min) the data exhibit departures from the proposed model. The 
second aspect, however, is relatively stable. Its slope appears to 
depend only on the relative humidity. Characteristics of the third aspect 
are difficult to ascertain because of insufficient or erratic data during 
this portion of the drying curve. 




SAMPLE IN.M TEMP 10. 
2304110 0.224 0.418 
2304210 0.322 0.186 
0.01 
7 001 
Mj. = (M-Mg)/(MQ— 




- SAMPLE IN.M R.H. TEMP 
: o 2104410 0.413 0.048 I22®F 
.  A 2204410 0.417 0.101 124® 
• 2304410 0.418 0.186 1269 














• I I  I  11 I I I I I I I I 
7 ODI 2 4 7 0.1 2 
M, =(M -Me)/(Mo-Me) 
7 1.0 
Fig. 22. Relative humidity effect - dimensionless log plot 
56 
t»! 
dm/dt = - (m-Mg) m^ > m> (10a) 
hn 
dm/dt = - ^2 > m > m^g (10b) 
bo 
dm/dt = - ag (m-m^) m^^ > ™ > ®e (10c) 
where a,b = arbitrary parameters 
mg = initial moisture (gm/gm dry matter) 
m^l» m^2 = transition moistures 
m^ = equilibrium moisture 
t = time (min) 
To obtain equations for predicting the time associated with a given mois­
ture level, the following initial and boundary conditions are imposed; 
1) at t = 0, m = m^ 
2) at the transition points, time is continuous 
3) at the transition points, the drying rate (dm/dt) is continuous. 
The integrated equations for b ^  1 are: 
"^ 1 qi 
t = Pi (m-nig) - Pj^ (mo-mg) % > ™ > m^l (H*) 
t = p^ (m-m^) - p^ ("xl'^e^ + > m > m^^ (lib) 
^3 qg 
t = P] (m-mg) - p^ ("x2"°'e^ + "»x2 ^  ^ % (He) 
where p = - l/a(l-b) 
The times at the transition points are: 
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^xl = Pi - Pi (12a) 
tx2 = Pz (*x2-*e) ^  - Pz (*xl-*e)^^^ + ^ xl (12^) 
By the third boundary condition listed above, i.e., that the drying rate 
is continuous through the transition region, the points of transition are 
given by: 
™xl " (Pl^l^Pz^z) + ™e (12c) 
i/(q_-q,) 
^ (P2"^2'^P3^3^ + (12d) 
Evaluation of the Exponential Model 
Essential for use of the exponential model is a knowledge of the 
equilibrium moisture associated with a given set of test conditions. The 
equilibrium moisture for each sample was estimated by extrapolating the 
square root of the drying rate to obtain the moisture content when the 
drying rate is zero. In most cases this value compares favorably with a 
similar value obtained from the equilibrium curve. 
To evaluate the coefficients and exponents in terms of the experi­
mental data, it was necessary to arbitrarily set the transition points to 
bound the region over which each aspect would be fitted. The following 
values were used: 
m T = 0.40 (m -m ) + m (13a) 
xl o e e 
m^2 =0.12 (m^-mg) + m^ (13b) 
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These points were selected after studying samples subjected to a wide 
variety of conditions. 
The exponents were first estimated by fitting the logarithmic forms 
of Equations 10a, 10b and 10c; 
log (-dm/dt) = log a + b log (m-m^) (14) 
to the experimental data by the method of least squares, by minimizing 
the squared deviations of log (-dm/dt). These results were examined to 
determine if the exponents could be predicted as functions of the test 
variables. After considering a number of combinations of the test vari­
ables, the following empirical equations were selected: 
q^ = -3.98 + 2.87 m^ - [0.019/(hg+0.015)] + 0.016 T (15a) 
q^ = - exp (0.810 - 3.11 h^) (15b) 
q^ = -1.0 (15c) 
where h^ = relative humidity (decimal form) 
T = dry bulb temperature (°F) 
Using the exponents computed by the above equations, Equations 11a, 
lib and 11c were fitted to the experimental data by the method of least 
squares, by minimizing the squared time deviations. The coefficients 
obtained by this procedure were examined to determine their dependence on 
the test variables. The following empirical equations were developed to 
predict coefficients p^ and p^: 
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1.25 !— 
p = exp(~2.45 + 6.42 m - 3.15 h + 9.62 m /h 1 o e o e 
+ 0.030 T - 0.002 V) (16a) 
p^ = exp (2.82 + 7.49(hg + 0.01)°'^^ - 0.0179 T) (16b) 
where V = air velocity (ft per min) 
It should be noted that if both p and p are defined empirically, 
1 2 
then the definitions of given by Equations 12c and 13a cannot both, 
in general, be satisfied. It was noted that a better fit of the data 
could be obtained if both p^ and p^ were defined empirically. So if 
Equation 13a is satisfied, then Equation 12c will not be satisfied, thus 
negating the assumption of a continuous drying rate through the first 
transition point. Further refinement of Equations 16a or 16b might allow 
this assumption to be made. 
Because of the lack of good quality data for several of the samples 
in the region below the second transition point, coefficient p^ was 
defined in terms of Equations 12d and 13b, thus satisfying the assumption 
of a continuous rate of drying at the second transition point. 
(q,-q,) 
p^ = 0.12 (m^-m^) (P2q2/^3^ (16c) 
Plots of the predicted drying curve for several samples covering a wide 
range of conditions are given in Figs. 23 through 28. 
Fig. 23. Comparison of models - Sample 1314410 
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Discussion of Results 
The three-aspect exponential model with computed coefficients and 
exponents gives a satisfactory fit of the experimental data throughout 
the drying curve. As was true of the Hukill-Schmidt model, irregularities 
in the data, particularly during the warm-up period, cannot be accurately 
predicted. 
An examination of the model shows one possible source of invalidity. 
The empirical equation describing exponent q^ (Equation 15a) allows the 
value of qj^ to become zero under certain conditions. If q^ is equal to 
zero then b^ in Equation 10a is equal to one. For this special case, 
integration of Equation 10a gives: 
t = (-1/a.) [log(ra-mg) - logCm-m^)] 
or 
-a,t 
m-m = (m-m ) e ^ 
e e' 
which is similar to Equation 5 discussed in a previous section. It is of 
interest to determine under what conditions Equation 15a would yield a 
value of qj^ = 0. The results are given in Table 4. Obviously the condi­
tions of high temperature and high relative humidity required to obtain a 
zero or positive value for q^ will not be encountered under most 
conditions. It should be noted that the empirical equations describing 
q^ and q^ do not allow non-negative values for these exponents. 
This model assumes that the drying curve can be represented as a 
function of the moisture gradient (m-m^) raised to some power. 
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Table 4, Range of exponent for exponential model 
41 m o he T 
(gm/stn) (decimal) (°F) 
-3.22 0.20 0 90 
-2.67 0.45 0 90 
-1.97 0.20 0.85 90 
-1.42 0.45 0.85 90 
-1.14 0.20 0 220 
-0.44 0.45 0 220 
+0.11 0.20 0.85 220 
+0.67 0.45 0.85 220 
Comparison with the Huki11-Schmidt model based on a vapor pressure 
gradient shows no superiority of one over the other in their ability to 
predict the drying curve. Comparison with previous models based on a 
moisture concentration gradient shows a definite advantage for the present 
model, using a moisture gradient with a power other than unity for 
describing the drying curve. 
The exponential model is relatively easy to apply, even by hand 
methods. Consider the following example: 
What is the time required to dry a single layer of fully exposed 
shelled corn from 30 percent to 14 percent wet basis (42.8 to 16.3 
percent dry basis) under the following conditions: 
Dry bulb temperature of the air = 90°F; 
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Relative humidity = 20 percent; 
Air velocity = 160 ft per min. 
From the equilibrium curve (Fig. 20) the equilibrium moisture 
content is 6.80 percent (dry basis). The moisture differences are: 
Mg-mg = 0.428 - 0.068 = 0.360 
= 0.40 (0.360) = 0.144 
m-fflg = 0.163 - 0.068 = 0.095 
The coefficients and exponents (Equations 15a, 15b, 16a, 16b) are; 
p^ = exp(-2.45 + (6.42)(0.428)^'^^ - (3.15)(0.20) 
+ (9.62)(0.428)( /ÔTZÔ") +(0.030)(90) 
- (0.002)(160)) = 28.8 
p^ = exp(2.82 + (7.49)(0.21)'*^ - (0.0179)(90)) = 46.5 
q^ = -3.98+ (2.87)(0.428) - (0.019)/(O.215) + (0.016)(90) = -1.40 
qg = -exp(0.810 - (3.11)(0.20)) = -1.207 
The first transition time is given by Equation 12a: 
-1.40 -1.40 
t^^ = (28.8)(0.144) - (28.8)(0.360) = 311 min 
The desired time is predicted by Equation lib: 
t = (46.5)(0.095)"^'^°^ - (46.5)(0.212)"^'^°^ + 311 = 809 min 
or 13.5 hr 
The input conditions used in this example are similar to Sample 
1314410 which is plotted in Fig. 23. 
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APPLICATION OF RESULTS TO DEEP LAYER DRYING 
How can the results of this study be applied to the practical problem 
of describing the drying pattern in a bin of grain? The first layer is, 
of course, fully exposed to the entering air conditions and so will dry 
according to the single layer model. Each succeeding layer, however, is 
exposed to conditions which are continuously changing depending on the 
response of all preceeding layers. The change in humidity of the air as 
it passes through a given layer of grain can be estimated by writing a 
mass balance for that layer. Any moisture lost by the grain must be 
picked up by the air. The change in temperature of the air as it passes 
through a given layer of grain can be estimated by writing an energy 
balance for that layer. If it is assumed that there is no heat lost 
through the sides of the bin, then the heat given up by the air must be 
equal to the sensible heat required to raise the temperature of the grain 
plus the latent heat required to evaporate the moisture leaving the grain. 
The heat needed to raise the temperature of the grain is generally small 
relative to the heat used to evaporate the moisture and so it might 
reasonably be neglected to simplify the computations. 
The remaining link needed to make this approach feasible is a method 
for describing the manner in which moisture leaves the grain under the 
conditions prevailing in a bin. The single layer model has been 
developed from the drying data of samples which were subjected to constant 
drying conditions. For continually changing conditions a first approxima­
tion might be made by the direct application of the single layer model for 
the conditions prevailing at a given point and time in the bin. In 
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actuality, however, the grain must go through an adjustment period before 
it will follow the single layer model corresponding to the conditions at 
that point and time. If the increments of depth and time can be chosen 
small enough, then the condition of the air will change by only a slight 
amount as it passes through each layer. Thus the single layer model 
might be used, but with a time lag to allow for continual adjustment of 
the grain to the new conditions. The validity of such an approach awaits 
actual trial. 
With the availability of high-speed digital computers, the above 
approach could be programmed in a stepwise manner to simulate drying in a 
bin. The results from each layer and time would depend on all preceding 
layers and times. The ability to simulate deep bed drying would be useful 
in the future design of more efficient drying systems. 
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SUMMARY AND CONCLUSIONS 
Experimental data describing the single layer drying curve for 
shelled corn were obtained in the laboratory under constant controlled 
conditions. The variables considered include the dry bulb temperature 
of the air (90° to 160°F), the relative humidity of the air (0 to 80 per­
cent), the velocity of the air (20 to 160 ft per min), the initial 
moisture content of the grain (21 to 42 percent dry basis) and the initial 
temperature of the grain (35 to 160°F). The samples, most of which 
remained in the dryer for about two weeks, show a continual decrease in 
weight, never attaining a condition of constant weight. 
Two mathematical models were evaluated in terras of the laboratory 
results to determine their ability to describe the data. The first model, 
proposed by Hukill and Schmidt (22), involves the concept of a vapor 
pressure gradient as the primary drying potential. The coefficients and 
exponents for this model are described in terms of the test variables 
and a satisfactory fit of the experimental data results. 
The second model was developed from observation of the data. It 
consists of three aspects, each of the form: 
dra/dt = a (m-m^)^ 
The coefficients and exponents of this model are also described in terms 
of the test variables and give a satisfactory fit of the experimental 
data. Comparison of the two models shows no superiority of one over the 
other in their ability to fit the data. Since the degree to which the 
empirical equations defining the coefficients and exponents are refined 
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is not necessarily the same, an attempt to compare the two models in a 
quantitative manner was not attempted. 
Neither of the models is successful in accurately describing the 
initial warm-up period. During this period the data indicate that the 
samples are undergoing an adjustment period from their predrying condi­
tions to the drying pattern dictated by conditions to which they were 
subjected in the dryer. It was hypothesized that the predrying conditions 
are determined not only by the sample's initial moisture content and 
temperature but also by its internal moisture distribution. In addition, 
its structure is probably altered by biological and chemical processes 
during the period of storage. 
A qualitative evaluation of the data reveals that higher temperatures 
effect faster drying rates at all levels of moisture. Likewise, higher 
air velocities also cause faster drying rates, but only during the first 
part of the drying curve. An increase in relative humidity decreases the 
rate of drying at all moisture levels. Higher initial moistures, in 
general, produce faster drying rates but some discrepancies, attributed to 
the manner in which the samples were prepared before storage, were noted. 
Higher initial grain temperatures produced lower drying rates. This 
unexpected result was attributed to the method in which the heated samples 
were prepared before drying. 
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SUGGESTIONS FOR FUTURE STUDY 
Some suggestions for future studies of single layer drying include 
the following: 
1. The initial temperature of the grain should be examined in 
greater detail than was possible in this study. 
2. A systematic study of the effect of the length of storage on the 
drying curve should be attempted. Both the first and second 
suggestion involve a method for defining the initial moisture 
gradient in the kernel. 
3. Examination of the effect of initial moisture contents below the 
range included in this study would be beneficial in extending 
the range of validity of the models. Also the ability of these 
models to predict the rewetting curve might be studied. 
4. A technique for precise measurement of the air velocity past the 
kernel would aid greatly in defining the effects of this vari­
able. 
5. Obtaining exposed kernel drying data for other grains would 
establish whether these models are applicable (with different 
coefficients and exponents) for predicting the drying curve of 
those grains. 
6. Development of a program using the single layer model as well as 
the heat and mass balance equations, for simulating the drying 
pattern in a deep bed dryer would establish the practical appli­
cation of the single layer drying model. 
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APPENDIX A: SUMMARY OF LABORATORY EXPERIMENTS 
Fig. 29 gives a complete summary of the conditions under which each 
sample was dried. Data for corn, soybeans and mile are included in this 
summary. Sample numbers are coded (with a few exceptions) in the follow­
ing manner: 
1st digit - dry bulb temperature level 
2nd digit - relative humidity level 
3rd digit - replication 
4th digit - air velocity level 
5th digit - initial moisture level 
6th digit - duplicate of above digits in one test 
7th digit - kind of grain. 
The first three digits are common for a given test except for samples 
dried in the low humidity dryer where several temperatures were used in 
the same test. 
A test normally consisted of 16 samples dried at four initial mois­
ture levels and four air velocity levels. Tfhen both corn and soybeans 
were included, only two levels of initial moisture were used. Following 
are comments on several tests in which the normal procedure outlined 
above was not used. 
Test 231 - All samples had the same initial moisture. Half of the samples 
were preheated before drying and half were taken directly from 
storage. 
Test 232 - Four samples were corn which had been stored. The remaining 
samples were from freshly harvested ears with corn from a single ear 
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retaining its identity during drying. 
Test 233 - Four of the samples had initial moistures below the normal 
range. Four samples were rewetted after having been oven dried. The 
remaining eight samples were harvested during two different seasons. 
Test 234 - Half of the samples were soybeans. The other half of the 
samples were corn, harvested during two different seasons. 
Test 235 - Six samples of corn, six samples of soybeans an^ four samples 
of milo were dried. Half of the samples were preheated before drying 
while the other half were taken directly from storage. 
Fig. 29 summarizes the following variables: 
TEMP - dry bulb temperature, deg F. 
R.H. - relative humidity, decimal form. 
IN.M - initial moisture, gm/gm dry matter. 
EQ.M - equilibrium moisture, gm/gm dry matter. 
IN.RATE^- initial rate of drying, gm/gm min. 
VEL - air velocity, ft per min, 
IN.T - initial grain temperature, deg F. 
STOR - storage time, days, 
YEAR - year of harvest, 
DATE - date laboratory test began. 
^The initial rate recorded in the summary is the apparent initial 
rate. The procedure for determining the apparent initial drying rate is 
given in Appendix D. The notation for the initial rate is interpreted as: 
-1.193 E - 03 = -1,193 X lO'S, 
S A M P L  E  C R O P  T E M P  R  . H  .  IN.M E Q  .  M  I N  . R A T E  V E L  I N . T  S T O R  Y E A R  D A T  E  
1 3 1 1 3 1 0  C O R N  92. 0  . 1 9 2  0  . 3 6 1  0 .  0  6 7  - 1 .  1 9 3 E - 0 3  2 0  3 5  2 1 7  1964 4 / 2 7 / 6 5  
1 3 1 1 3 1 1  B E A N  9 2 ,  0  .192 0  . 3 5 2  0 .  0 5 1  - 1 .  859E-0 3  2 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 1 4  1 0  C O R N  9 2 .  0  . 1  9 2  0  .429 0 .  0  6 7  — 1. 4 0 4 E - 0 3  2 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 1 4 1 1  R E A N  92. 0  .192 0  . 4 6 7  0 .  051 - 2 .  2 9 9 E - 0 3  2 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 2 3 1 0  C O R N  9 2 .  0  .190 0  .362 0 .  0 66 -1. 3 2 8 E - 0 3  4 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 2 3 1 1  BEAN 9 2 .  0  . 1  9 0  0  . 3 5 3  0 .  0 5 1  - 2 .  6 5 9 E -03 4 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 2 4 1 0  C O R N  9 2 .  0  . 1 9 0  0  . 4 3 2  0 .  0 66 
- 1 .  515E-0 3  4 0  3 5  2 1 7  1 9 6 4  4/27/65 
1 3 1 2 4 1 1  BEAN 9 2 .  0  . 1  9 0  0  . 4 7 6  0 .  0 5 1  - 2 .  5 1 4 E - 0 3  4 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 3 3 1 0  C O R N  92. 0  . 1 9 2  0  .360 0 .  0  6 7  - 1 .  3 0 2 E - 0 3  8 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 3 3 1 1  BEAN 9 2 .  0  . 1  9 2  C  .354 0 .  0 5 1  - 2 .  7 2  5 E - 0 3  8 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 3 4  1 0  C O R N  92. 0  . 1  9 2  0  . 4 2 6  0 .  0  6 7  - 1 .  9 5 9 E -03 8 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 3 4 1 1  BEAN 9 2 .  0  . 1 9 2  0  .489 0 .  0 5 1  - 3 .  0 1  l E -03 80 3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 4 3 1 0  C O R N  9 2  .  0  . 1 9 2  0  " . 3  6 0  0 .  0 67 - 1 .  5 3 4 E - 0 3  1 6 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 4 3 1 1  B E A N  9 2 .  0  .  1  9 2  0  . 3 5 5  0 .  051 - 3 .  3 1 7 E - 0 3  1 6 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 4 4 1 0  C O R N  92. 0  . 1  9 2  0  . 4 3 0  0  .  0  6 7  - 2 .  1 0 3 E - 0 3  1 6 0  3 5  2 1 7  1 9 6 4  4 / 2 7 / 6 5  
1 3 1 4 4 1 1  B E A N  9 2 .  0  . 1 9 2  0  . 4 4 9  0 .  0 5 1  - 4 .  3 7 0 E - 0 3  1 6 0  3 5  2 1 7  1 9 6 4  4/27/65 
1 4 0 1 3 1 0  CORN 9 1 .  0  . 3  9 5  0  .347 0 .  1 0 2  —  8 .  9 7 9 E - 0 4  2 0  3 5  233 1 9 6 4  5 / 1 3 / 6 5  
1 4 0 1 3 1 1  B E A N  9 1 .  0  .395 0  . 3 5 1  0 .  0 6 9  - 1 .  1 7 4 E - 0 3  2 0  3 5  233 1964 5/13/65 
1 4 0 1 4 1 0  C O R N  9 1 ,  0  . 3  95 0  " . 4  3 5  0 .  1 0 1  - 1 .  5 5 7 E - 0 3  2 0  3 5  233 1 9 6 4  5 / 1 3 / 6 5  
1 4 0 1 4 1 1  B E A N  9 1 .  0  . 3  9 5  0  . 4 5 1  0 .  068 - 1 .  8 2 1 E - 0 3  2 0  3 5  2 3 3  1 9 6 4  5 / 1 3 / 6 5  
1 4 0 2 3 1 0  C O R N  9 1 .  0  . 3  9 4  0  . 3 5 6  0 .  1 0 3  - 1 .  1 5 2 E -03 4 0  3 5  2 3 3  1 9 6 4  5 / 1 3 / 6 5  
1 4 0 2 3 1 1  B  E A  N  9 1 .  0  . 3  9 4  0  .352 0 .  069 - 1 .  1 6 1 E - 0 3  4 0  3 5  2 3 3  1964 5/13/65 
1 4 0 2 4  1 0  C O R N  9 1 .  0  . 3  9 4  0  .431 0 .  1 0 0  - 1 .  323E-0 3  4 0  3 5  233 1964 5/13/65 
1402411 B E A N  9 1  .  0  . 3  9 4  0  . 4 5 1  0 .  0 6 8  - 2 .  3 1 6 E -03 4 0  3 5  233 1 9 6 4  5 / 1 3 / 6 5  
1 4 0 3 3 1 0  C O R N  9 1 .  0  . 3 9 5  0  . 3 5 7  0 .  1 0 3  - 1 .  2 1  l E -03 80 3 5  '  2 3 3  1 9 6 4  5 / 1 3 / 6 5  
14033 11 B E A N  9 1  .  0  . 3 9 5  0  . 3 4 1  0 .  0 7 1  - 2 .  0 3 2 E - 0 3  8 0  3 5  2 3 3  1964 5/13/65 
1 4 0 3 4 1 0  C O R N  9 1 .  0  . 3  9 5  0  . 4 3 8  0 .  1 0 3  —  8  .  9 9 7 E - 0 4  8 0  3 5  233 1 9 6 4  5 / 1 3 / 6 5  
1 4 0 3 4 1 1  B E A N  91. 0  .3 95 0  . 4  6 3  0 .  0 7 0  - 2 .  3 6 3 E - 0 3  8 0  3 5  233 1964 5 / 1 3 / 6 5  
1 4 0 4 3 1 0  C O R N  9 1 .  0  . 3  9 7  0  . 3 5 5  0 .  1 0 3  - 1 .  3 2 7 E - 0 3  1 6 0  3 5  233 1 9 6 4  5 / 1 3 / 6 5  
1 4 C 4 3 1 1  B E A N  9 1 .  0  . 3  9 7  0  . 3 4  7  0 .  0  7 1  - 2 .  2 6 0 E - 0 3  1 6 0  3 5  233 1 9 6 4  5 / 1 3 / 6 5  
1 4 0 4 4 1 0  C O R N  9 1  .  0  .397 0  .420 0 .  103 - 2 .  0 2  0 E - 0 3  1 6 0  3 5  233 1964 5 / 1 3 / 6 5  
1 4 0 4 4 1 1  B E A N  9 1 .  0  . 3 9 7  0  .456 0 .  0  7 0  - 3 .  1 8 7 E - 0 3  1 6 0  3 5  233 1964 5 / 1 3 / 6 5  
Fig. 29. Summary of laboratory experiments 
SAMPLE CROP TEMP R.H. TN.M FQ.M IN.RATE 
1 5 0 1 3 1 0  C O R N  90. 0  .591 0  : 3 5  7  0  .  1  3 3  - 8  . 7 5 7 E - 0 4  
1 5 0 1 3 1 1  B E A N  9 0 .  0  . 5 9 1  0  . 3 4 5  0  . 1 0 3  —  6  . 4 1 5 E - 0 4  
1 5 0 1 4 1 0  C O R N  9 0 .  0  . 5  9 1  0  . 4 4 5  0  .  1  3 4  - 1  . 0 4 0 E -03 
1 5 0 1 4 1 1  B E A N  9 0 .  0  . 5 9 1  0  . 4 6 5  0  . 1 0 3  - 1  .  5 1 6 E - 0 3  
1 5 0 2 3 1 0  C O R N  9 0 .  0  . 5  8 7  0  . 3 6 0  0  . 1 3 5  - 8  . 6 7 7 E -04 
1 5 0 2 3 1 1  B E A N  90. 0  . 5  8 7  0  . 3 5 0  0  . 1 0 1  - 1  .  1 1 3 E - 0 3  
1 5 0 2 4 1 0  C O R N  90. 0  . 5  8 7  0  .452 0  . 1 3 4  
- 1  . 3 7 5 E -03 
1 5 0 2 4 1 1  B E A N  9 0 .  0  . 5 8 7  0  . 4 7 2  0  . 1 0 4  - 1  . 2 3 5 E - 0 3  
1 5 0 3 3 1 0  C O R N  9 0 .  0  . 5  8 7  0  . 3 6 9  0  . 1 3 4  - 9  . 4 0 1 E - 0 4  
1 5 0 3 3 1 1  B E A N  90. 0  . 5  8 7  0  . 3 4 5  0  . 1 0 4  - 1  . 3 6 9 E - 0 3  
1 5 0 3 4 1 0  C O R N  9 0 .  0  . 5 8 7  0  . 4 4 6  0  . 1 3 5  - 1  . 4 2 9 E - 0 3  
1 5 0 3 4 1 1  B E A N  9 0 .  0  . 5  8 7  0  . 4 6 6  0  . 1 0 4  - 1  .9292-0 3  
1 5 0 4 3 1 0  C O R N  9 0 .  0  . 5  8 9  0  . 3 4 8  0  . 1 34 - 1  . 4 5 6 E - 0 3  
1 5 0 4 3 1 1  B E A N  9 0 .  0  .5 89 0  . 3 4 5  0  . 1 0 4  
-1 . 4 9 6 E - 0 3  
1 5 0 4 4 1 0  C O R N  9 0 .  0  .589 0  . 4 2 6  0  . 1 3 5  - 2  . 5 5 2 E - 0 3  
1 5 0 4 4 1 1  B E A N  9 0 .  0  .5 89 0  . 4 6 3  0  .104 - 2  . 4 9  7 E - 0 3  
1 6 0 1 3 1 0  C O R N  9 0 .  0  . 8 0 4  0  . 3 4 8  0  . 1 7 8  - 5  . 0 6 6 E - 0 4  
1 6 0 1 3 1 1  B E A N  90. 0  . 8  0 4  0  . 3 4 5  0  . 1 7 5  - 3  . 9 9 4 E - 0 4  
1 6 0 1 4 1 0  C O R N  9 0 .  0  . 8  0 4  0  . 4 4 0  0  . 1 7 9  
—  6  . 4 7 7 E - 0 4  
1 6 0 1 4 1 1  BEAN 90. 0  .8 04 0  . 4 7 5  0  . 1 7 3  - 5  . l O O E - 0 4  
1 6 0 2 3 1 0  C O R N  9 0 .  0  . 8  0 1  0  . 3 6 0  0  . 1 7 6  - 5  . 3 2 9 E - 0 4  
1 6 0 2 3 1 1  B E A N  9 0 .  0  .801 0  . 3 4 5  0  . 1 7 6  - 5  . 8 9  4 E - 0 4  
1 6 0 2 4 1 0  C O R N  9 0 .  0  . 8  0 1  0  .429 0  . 1 7 3  - 9  . 8 7 5 E - 0 4  
1 6 0 2 4 1 1  B E A N  9 0 .  0  .801 0  . 4 8 4  0  . 1 7 1  - 6  .922E-0 4  
1 6 0 3 3  1 0  C  O R  N  9 0 .  0  ,  8  0 4  0  . 3  5 5  0  .  1  7 9  
—  8  . 8 6 5 E -04 
1 6 0 3 3 1 1  B E A N  9 0 .  0  . 8  0 4  0  . 3 5 1  0  .  1  8 4  - 7  .5382-0 4  
1 6 0 3 4 1 0  C O R N  90. 0  .804 0  . 4 3 3  0  . 1 8 0  
-1 .  0 4 5 E - 0 3  
1 6 0 3 4 1 1  B E A N  9 0 .  0  .8 04 0  . 4 7 9  0  . 1  8 1  - 9  .225E-04 
1 6 0 4 3 1 0  C O R N  9 0 .  0  . 8 0 6  0  . 3 4 2  0  . 1 8 0  —  6  . 5 2  0 E -04 
1 6 0 4 3 1 1  B E A N  9 0 .  0  . 8  0 6  0  . 3 4 9  0  .184 - 8  . 0 9 6 E - 0 4  
1 6 0 4 4 1 0  C O R N  9 0 .  0  . 8  0 6  0  . 4 5 1  0  . 1 8 0  - 1  . 5 4 2 E - 0 3  
1 6 0 4 4 1 1  B E A N  9 0 .  0  . 8  0 6  0  . 4  7 2  0  .182 —  1  . 2 2 1 E -03 
Fig. 29. Continued 
V E L  I N . T  S T O R  Y E A R  D A T E  
2 0  3 5  2 6 4  1964 6 /  3 / 6 5  
2 0  3 5  264 1 9 6 4  6 /  3  / 6 5  
2 0  3 5  2 64 1964 6 /  3 / 6 5  
2 0  3 5  264 1 9 6 4  6 /  3 / 6 5  
4 0  3 5  2 6 4  1964 6 /  3 / 6 5  
4 0  3 5  2  6 4  1 9 6 4  6 /  3 / 6 5  
4 0  3 5  264 1964 6 /  3 / 6 5  
4 0  3 5  2 6 4  1 9 6 4  6 /  3 / 6 5  
80 3 5  264 1 9 6 4  6 /  3/65 
80 3 5  264 1 9 6 4  6 /  3/65 
80 3 5  264 1 9 6 4  6 /  3 / 6 5  
80 3 5  2 64 1 9 6 4  6 /  3 / 6 5  
1 6 0  3 5  264 1 9 6 4  6 /  3 / 6 5  
1 6 0  3 5  2 6 4  1 9 6 4  6 /  3 / 6 5  
1 6 0  3 5  2 6 4  1 9 6 4  6 /  3 / 6 5  
1 6 0  3 5  264 1964 6 /  3 / 6 5  
2 0  3 5  266 1964 6 / 1 7 / 6 5  
2 0  3 5  266 1964 6/17/65 
20 3 5  266 1964 6/17/65 
2 0  3 5  266 1 9 6 4  6 /17/65 
40 3 5  266 1 9 6 4  6 / 1 7 / 6 5  
4 0  3 5  266 1964 6 / 1 7 / 6 5  
4 0  3 5  266 1964 6 / 1 7 / 6 5  
4 0  3 5  266 1 9 6 4  6 / 1 7 / 6 5  
80 3 5  266 1964 6/17/65 
80 3 5  266 1 9 6 4  6 / 1 7 / 6 5  
80 35 266 1964 6 / 1 7 / 6 5  
8 0  3 5  266 1964 6 / 1 7 / 6 5  
1 6 0  3 5  266 1964 6 / 1 7 / 6 5  
1 6 0  3 5  266 1 9 6 4  6 / 1 7 / 6 5  
1 6 0  3 5  266 1964 6 / 1 7 / 6 5  
1 6 0  3 5  2 66 1 9 6 4  6 / 1 7 / 6 5  
SAMPLE CROP TEMP R. 
2 1 0 1 1  1 0  CORN 1  2 1 .  0  
2 1 0 1 2 1 0  CORN 1 2 1 .  0  
2 1 0 1 3 1 0  CORN 1 2 1 .  0  
2 1 0 1 4 1 0  CORN 1 2 1 .  0  
2  1 0 2 1 1 0  CORN 1 2 1 .  0  
2 1 0 2 2 1 0  CORN 1 2 1  .  0  
2 1 0 2 3  1 0  CORN 1 2 1 .  0  
2 1 0 2 4 1 0  CORN 1 2 1 .  0  
2 1 0 3 1 1 0  CORN 1 2 1 .  0  
2 1 0 3 2 1 0  CORN 1 2 1 .  0  
2 1 0 3 3 1 0  CORN 1 2 1 .  0  
2 1 G 3 4 1 0  CORN 1 2 1 .  0  
2 1 0 4 1 1 0  CORN 1 2 2 .  0  
2 1 0 4 2 1 0  CORN 122. 0  
2 1 0 4 3 1 0  CORN 1 2 2 .  0  
2 1 0 4 4 1 0  CORN 1 2 2 .  0  
2 1 1 1 1 1 0  CORN 126. 0  
2 1 1 1 2 1 0  CORN 1 2 6 .  0  
2 1 1 1 3 1 0  CORN 1 2 6 .  0  
2 1 1 1 4 1 0  CORN 1 2 6 .  0  
2 1 1 2 1 1 0  CORN 125. 0  
2 1 1 2 2 1 0  CORN 1 2 5 .  0  
2 1 1 2 3  1 0  CORN 1 2 5 .  0  
2112410 CORN 125. 0  
2 1 1 3 1 1 0  CORN 1 2 5 .  0  
2 1 1 3 2 1 0  CORN 1 2 5 .  0  
2 1 1 3 3 1 0  CORN 1 2 5 .  0  
2 1 1 3 4 1 0  CORN 125. 0  
2 1 1 4 1  1 0  CORN 1 2 5 .  0  
2 1 1 4 2 1 0  CORN 125. 0  
2 1 1 4 3 1 0  CORN 125. 0  
2 1 1 4 4 1 0  CORN 1 2 5 .  0  
IN.M EQ.M IN.RATE 
0  . 2 1 7  0  . 0 2 6  - 7  . 8 1 l E - 0 4  
0  . 3 1 1  0  . 0 2 7  - 1  . 6 0 5 E -03 
0  . 3 5 5  0  . 0 2 6  - 1  . 4 7 9 E -03 
0  . 4 1 0  0  . 0 2 8  - 1  . 0 5 7 E - 0 3  
0  . 2 1 6  0  . 0 2 8  - 7  . 9 1 2 E - 0 4  
0  . 3 1 0  0  . 0 2 7  
- 1  . 6 0 1 E - 0 3  
0  . 3 5 2  0  . 0 2 7  - 1  . 6 5 7 E - 0 3  
0  . 4 0  8  0  . 0 2 7  
- 1  . 1 4 1 E -03 
0  . 2 1 8  0  . 0 2 7  - 9  . 6 4 2 E - 0 4  
0  . 3 0 8  0  .026 - 2  . 0 5  7 E - 0 3  
0  . 3 5 5  0  . 0 2 7  
- 2  . 5 2 3 E -03 
0  . 4 1 2  0  . 0 2 8  - 2  . 0 1 4 E - 0 3  
0  . 2 1 9  0  . 0 2 6  - 1  . 0 7 9 E - 0 3  
0  . 3 1 4  0  . 0 2 6  
- 2  . 2 3 0 E - 0 3  
0  . 3 5 9  0  . 0 2 7  - 3  .252E-0 3  
0  . 4 1 3  0  . 0  2 7  
- 2  .  6 8 7 E -03 
0  . 2 1 5  0  .039 - 9  . 2 5 7 E -04 
0  . 3 1 1  0  .  0 4 0  - 1  . 631E-0 3  
0  . 3 5 9  0  .041 - 1  . 7 9  1 E -03 
0  . 4 1 2  0  .0 36 - 1  . 6 7 3 E - 0 3  
0  . 2 1 5  0  .039 - 9  . 0 1 8 E -0 4  
0  . 3 1 1  0  . 0 3 8  - 1  . 6 0 6 E -03 
0  . 3  5  7  Q  . 0 4 0  
- 1  . 6 6  5 E - 0 3  
0  . 4 0 8  0  . 0 3 5  - 1  . 359E-0 3  
0  . 2 1 9  0  . 0 3 9  - 9  . 8 5 l E - 0 4  
0  . 3 1 3  0  .035 - 2  . 2 4 1 E - 0 3  
0  . 3  5 3  0  . 0 4 0  - 2  . 2 6 3 E - 0 3  
0  .408 0  . 0 3 5  - 2  .20 8E-03 
0  . 2 1 4  0  . 0 39 - 1  . 0 2  6 E - 0 3  
0  . 3 0 0  0  . 0 4 0  - 2  . 0 5  7 E - 0 3  
0  . 3 5 2  0  .039 - 2  . 8 0 1 E -03 
0  .416 0  . 0  4 1  - 2  .581E-03 
H . 
0 49 
0 4 9  
0 4 9  
0 4 9  
0  4 9  
0 4 9  
0  4 9  
0  4 9  
0  4 9  
0 4 9  
0 4 9  
0  4 9  
0 4 8  
0  4 8  
0  4 8  
0  4 8  
0 48 




0 4 9  
0  4 9  
0 4 9  
0 49 
0  4 9  
0  4 9  
0  4 9  
0  5 0  
0 5G 
0  5 0  
0  5 0  
Fig. 29. Continued 
VEL IN.T STOR YEAR DATE 
20 3 5  3 0  1962 1 1 / 1 6 / 6 2  
2 0  3 5  3 0  1 9 6 2  1 1 / 1 6 / 6 2  
20 3 5  30 1962 1 1 / 1 6 / 6 2  
2 0  3 5  3 0  1962 1 1 / 1 6 / 6 2  
4 0  3 5  30 1962 1 1 / 1 6 / 6 2  
4 0  3 5  30 1962 11/16/62 
4 0  3  5  30 1962 11/16/62 
4 0  3 5  30 1 9 6 2  1 1 / 1 6 / 6 2  
80 3 5  3 0  1962 1 1 / 1 6 / 6 2  
80 3 5  3 0  1 9 6 2  1 1 / 1 6 / 6 2  
80 3 5  3 0  1962 1 1 / 1 6 / 6 2  
80 3 5  3 0  1 9 6 2  11/16/62 
1 6 0  3 5  3 0  1962 1 1 / 1 6 / 6 2  
1 6 0  3 5  3 0  1 9 6 2  1 1/3 6/62 
1 6 0  3 5  3 0  1 9 6 2  1 1 / 1 6 / 6 2  
1 6 0  3 5  3 0  1 9 6 2  1 1 / 1 6 / 6 2  
2 0  125 1  3 4  1962 2 /  8/63 
20 1 2 5  1 3 4  1962 2 /  8/63 
20 1 2 5  134 1962 2 /  8/63 
20 1 2 5  1 3 4  1962 2 /  8/63 
40 1 2 5  134 1962 2 /  8/63 
4 0  1 2 5  1 3 4  1 9 6 2  2 /  8/63 
4 0  1 2 5  1 3 4  1962 2 /  8/63 
4 0  1 2 5  134 1962 2 /  8/63 
80 125 1 3 4  1962 2 /  8/63 
80 125 1 3 4  1 9  6  2  2 /  8 / 6 3  
80 125 1 3 4  1 9 6 2  2 /  8/63 
80 125 1 3 4  1962 2 /  8/63 
1 6 0  125 1 3 4  1962 2 /  8/63 
1 6 0  1 2 5  134 1962 2 /  8/63 
1 6 0  125 134 1962 2 /  8/63 
1 6 0  125 134 1962 2 /  8/63 
SAMPLE CROP TEMP R 
2 1 2 1 3 1 1  BFAN 1 2 5 .  0  
2 1 2 1 4 1 0  C O R N  1 2 5 .  0  
2 1 2 1 4  1 1  BEAN 1 2  5 .  0  
2 1 2 1 7 1 1  BEAN 1 2 5 .  0  
2 1 2 2 3 1 1  BEAN 1 2 6 .  0  
2 1 2 2 4 1 0  CORN 1 2 6 .  0  
2 1 2 2 4 1 1  BEAN 1 2 6 .  0  
2 1 2 2 5 1 1  BEAN 1 2 6 .  0  
2 1 2 3 3 1 1  BEAN 1 2 5 .  0  
2 1 2 3 4 1 0  CORN 1 2 5 .  0  
2 1 2 3 4 1 1  BEAN 1 2 5 .  0  
2 1 2 3 5 1 1  BEAN 125. 0  
2 1 2 4 3 1 1  BEAN 1 2 5 .  0  
2 1 2 4 4 1 0  CORN 1 2 5 .  0  
2 1 2 4 4 1 1  BEAN 1 2 5 .  0  
2 1 2 4 7 1 1  BEAN 1 2 5 .  0  
2 2 0 1 1 1 0  CORN 1 2 4 .  0  
2 2 0 1 2 1 0  CORN 1 2 4 .  0  
2 2 0 1 3 1 0  CORN 1 2 4 .  0  
2 2 0 1 4 1 0  CORN 124. 0  
2202110 CORN 125. 0  
2 2 0 2 2 1 0  CORN 1 2 5 .  0  
2202310 CORN 1 2 5 .  0  
2 2 0 2 4 1 0  CORN 125. 0  
220 3110 CORN 1 2 5 .  0  
2 2 0 3 2  1 0  CORN 125. 0  
2 2 0 3 3  1 0  CORN 1 2 5 .  0  
2 2 0 3 4 1 0  CORN 125. 0  
2 2 0 4 1 1 0  CORN 1 2 4 .  0  
2 2 0 4 2 1 0  CORN 1 2 4 .  0  
2 2 0 4 3  1 0  CORN 1 2 4  .  0  
2 2 0 4 4  1 0  CORN 124. 0  
Fig. 29. C o n t i n u e d  
IN.M  E Q . M  IN. R A T F  
0  . 3 4 6  0  .022 - 3  . 1 7 0 E -03 
0  . 4 2  9  0  . 0  2 4  - 1  . 9 9  4 E -03 
0  . 4 4 8  0  .022 - 3  .  1 5 9 E -03 
1  . 0  7 5  0  .  0 2 2  
—  8  . 6 3 3 E -03 
0  . 3 4 7  0  .022 - 2  .503E-03 
0  . 4 2 7  0  . 0  2 4  - 2  .  1 5  9 E -03 
0  .454 0  .022 - 5  . 3 9  4 E - 0 3  
0  . 5 3 9  0  .022 - 4  . 8 6 5 E - 0 3  
0  . 3 4 7  0  .022 — 4  . 6 9 5 E -03 
0  . 4 2 6  0  . 0 2 4  - 2  . 0 8 2 E -03 
0  .449 0  . 0 2 2  - 5  .  6 4 8 E -03 
0  . 5 4 0  0  . 0 2 2  - 5  . 7 1 7 E - 0 3  
0  .346 0  . 0 2 2  - 5  . 6 5  5 E - 0 3  
0  .428 0  . 0 2 4  - 2  . 8 1 0 E - 0 3  
0  . 4 5 3  0  .022 - 7  . 9 7  0 E - 0 3  
1  . 0 5 9  0  .  0 2 3  - 1  . 6 4 4 E -02 
0  . 2 1 3  0  .043 - 8  . 6 2 3 E -04 
0  .303 0  . 0  4 3  - 1  . 5 6  0 E -03 
0  .339 0  .043 - 1  . 7 0 5 E -03 
0  . 4 1 7  0  . 0 4 3  - 1  .77AE-03 
0. 2 1 1  0  . 0 4 3  - 8  . 72 8E-04 
0  . 3 0 9  0  . 0 4 3  - 1  . 6 8 8 E - 0 3  
0  .349 0  .043 - 1  .  7 4 1 E - 0 3  
0  . 4 1 5  0  . 0 4 3  - 1  .3772-03 
0  . 2 1 1  0  . 0 4 3  - 9  . 4 8  9 E - 0 4  
0  . 3 1 3  0  . 0 4 3  - 2  . 3 1 3 L -03 
0  . 3 5 5  0  .  0 4 3  - 2  . 3 9 0 F - 0 3  
0  . 4 1 5  0  . 0 4 3  - 2  .  1 9 0 E -03 
0  . 2 1 5  0  . 0 4 3  - 1  . 0 0 9 E - 0 3  
0  .302 0  .043 - 2  . 0 4 9 E -03 
0  .353 0  .043 - 2  . 7 3 2 E -03 
0  .417 0  .043 
- 2  . 4 7 8 E - 0 3  
H  .  
051 
051 
0 5 1  
0 51 
0  5 0  
0 5 0  
0  5 0  
0 5 0  
0  5 1  
0  5 1  
0 5 1  
0 51 
0 5 1  
0 5 1  
0 5 1  
0  5 1  
1  0 1  
1 01 
1 01 









1 0 1  
1  0 1  
1  0 1  
1  01 
VEL IN.T STOR YEAR DATE 
2 0  3 5  5 4  1 9 6 4  1 1  /  7 / 6 4  
2 0  3 5  54 1964 1 1 /  7 / 6 4  
2 0  3 5  5 4  1964 1 1  /  7/64 
2 0  3 5  5 4  1 9 6 4  11 / 7/64 
4 0  3 5  54 1 9 6 4  1  1  /  7 / 6 4  
4 0  3 5  5 4  19 6  4  1 1 /  7 / 6 4  
4 0  3 5  5 4  1 9 6 4  1 1 /  7 / 6 4  
4 0  3 5  54 1 9 6 4  1 1  /  7 / 6 4  
8  0 "  3 5  5 4  1 9 6 4  1 1  /  7/64 
8 0  3 5  5 4  1 9 6 4  1 1  /  7/64 
80 3 5  5 4  1964 1 1 /  7 / 6 4  
8 0  3 5  5 4  1 9 6 4  1 1 /  7 / 6 4  
1 6 0  35 54 1 9 6 4  11/ 7 / 6 4  
1 6 0  3 5  5 4  1 9 6 4  1 1  /  7/64 
1 6 0  3 5  54 1964 1 1  /  7/64 
1 6 0  3 5  54 1 9 6 4  1 1 /  . 7 / 6 4  
2 0  125 1 0 6  1962 1 / 3 1  / 6 3  
2 0  125 1 0 6  1962 1 / 3 1 / 6 3  
2 0  1 2 5  1 0 6  1962 1/31/63 
2 0  125 1 0 6  1962 1 / 3 1 / 6 3  
4 0  125' 1 0 6  1 9 6 2  1 / 3 1  / 6 3  
4 0  1 2 5  1 0 6  1 9  6 2  1/31/63 
- 4 0  1 2 5  1 0 6  1962 1 / 3 1 / 6 3  
4 0  125 1 0 6  1962 1/31/63 
80 1 2 5  1 0 6  196 2 1/31/63 
80 1 2 5  1 0 6  1962 1/31/63 
80 125 1 0 6  1962 1 / 3 1 / 6 3  
8 0 .  125 1 0 6  1962 1/31/63 
1 6 0  125 1 0 6  1962 1 / 3 1 / 6 3  
1 6 0  125 1 0 6  1962 1 / 3 1 / 6 3  
1 6 0  1251 1 0 6  1962 1/31/63 
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SAMPLE C R O P  T E M P  R  
2 3 3 1 0 6 0  C O R N  1 2 5 .  0  
2  3 3 1 0  9 0  C O R N  125. 0  
2332000 C O R N  125. 0  
2332060 C O R N  1 2 5 .  0  
2 33 30 60 C O R N  1 2 5 .  0  
2 3 3 3 0 9 0  C O R N  125. 0  
2334000 C O R N  125. 0  
2334060 C O R N  125. 0  
2 3 3 1 4 1 0  CORN 125. 0  
2 3 3 1 4 2 0  C O R N  1 2 5 .  0  
2 3 3 2 4 1 0  C O R N  1 2 5 .  0  
2332420 C O R N  1 2 5 .  0  
2 3 3 3 4 1 0  C O R N  125. 0  
2333420 C O R N  125. 0  
2 3 3 4 4 1 0  C O R K  1 2 5 .  0  
2334420 C O R N  125. 0  
2341311 B E A N  125. 0  
2 3 4 1 4 1 0  C O R N  1 2 5 .  0  
2341411 B E A N  1 2 5 .  0  
2341420 C O R N  125 . 0  
2342311 B F A N  1 2 6 .  0  
2 3 4 2 4 1 0  C O R N  1 2 6 .  0  
234 2411 B E A N  126. 0  
2342420 C O R N  126. 0  
2 3 4 3 3  1 1  B E A N  1 2 5  .  0  
2 3 4 3 4 1 0  C O R N  ] 25. 0  
2 3 4 3 4 1 1  B E A N  125. 0  
2343420 C O R N  125. 0  
234 4311 B E A N  125. 0  
234441 0  C O R N  125. 0  
2 344411 R E ^ N  125. 0  
2344420 CORN 125. 0  
Fig. 29. Continued 
I N .  M  E Q . M  I N .  R A T E  
0  . 0 6 1  0  .058 
—  3  .3945-0 5  
0  . 0 9 1  0  . 0 5 6  -1 . 4  7 2 E - 0 4  
0  . 0 0 9  0  . 0 5 3  
- 2  .2742- 0 5  
0  . 0 6 1  0  .0 58 
- 4  . 2 8 8 E - 0 5  
0  .061 0  .058 - 4  .  3 9  9 E - 0 5  
0  . 0 9 1  0  . 0 5 6  
-1 . 8 4 8 E - 0 4  
0  .009 0  .053 -1 . 6 9 7 E - 0 5  
0  . 0 6 1  0  .058 - 4  .  3 1 6 E - 0 5  
0  .382 0  .056 -1 . 8 7 1 E -03 
0  .3 84 0  . 0 5 5  
-1 o 6 B 9 E -03 
0  . 3 8 7  0  . 0 5 6  
-1 . 7 5  9 E - 0 3  
0  . 3 8 5  0  .  0 5 5  
-1 . 8 9  4 E -03 
0  . 3 9 6  0  . 0  5 6  
- 2  . 280E-0 3  
0  .386 0  .0 55 
-1 . 8 B 8 E -03 
0  .384 0  .056 - 2  . 3 0 6 E -03 
0  .397 0  . 0 5 5  - 2  . 1 3  2 E -03 
0  .350 0  .040 - 3  . 2 7 8 E -03 
0  . 4 3 3  0  .055 -1 .527E-03 
0  .436 0  .040 
—  3  .  1 2  7 E - 0 3  
0  . 3 7 2  0  .055 
- 2  . 0 8 4 E -03 
0  .352 0  .040 - 2  .  8 9 1 E -03 
0  .429 0  «  0  5 6  -1 .759E-03 
0  .439 0  . 0 4 0  - 4  . 9 1 9 E -03 
0  . 3 6 6  0  .056 - 2  .257E-03 
0  .350 0  .041 —  3  . 6 0 7 E -03 
0  .426 0  .056 -1 .76 4E-03 
0  .437 0  .040 - 4  o 6 8 7 E - 0 3  
0  .364 0  .055 - 2  .  l O O E -03 
0  .348 0  .040 - 5  .007F-03 
0  .425 0  .056 - 2  . 2 5 0 F -03 
0  .438 0  .040 - 6  . 9 7 8 E - 0 3  
0  .373 0  .055 - 2  . R 9 7 Ë -03 
H . 
1  9 5  
1  9 5  
1 92 
I 92 
1  9 5  
1  9 5  
1  9 6  
196 
1  9 5  
1  9 5  
1  9 2  
192 
1 95 
1 9 5  
1  9 6  
1  9 6  
1  0 9  
1 89 
1  8 9  
1  8 9  
1 86 
1 86 
1  86  
1 86 
1  9 0  
1  9 0  
1  9 0  
1  9 0  
1  9 0  
1  9 0  
1  9 0  
190 
V E L  I N . T  S T  O R  Y E A R  D A T E  
20 125 395 1962 11/26/63 
20 1  2 5  3 9 5  1 9 6 2  1 1 / 2 6 / 6 3  
4 0  1 2 5  395 1962 11/26/63 
4 0  1 2 5  395 1962 1 1 / 2 6 / 6 3  
80 1 2 5  385 1962 1 1 / 2 6 / 6 3  
80 1 2 5  394 1962 11/26/63 
1 6 0  125 395 1962 11/26/63 
1 6 0  125 395 1962 11/26/63 
20 1 2 5  395 1962 11/26/63 
20 125 4  5  1963 1 1 / 2 6 / 6 3  
4 0  1 2 5  395 1 9 6  2  11/26/63 
4 0  1 2 5  4 5  1 9 6  3  1 1 / 2 6 / 6 3  
60 125 395 1962 11/26/63 
80 1 2 5  4 5  1963 11/26/63 
1 6 0  1 2 5  395 1962 11/26/63 
1 6 0  1 2 5  4 5  1963 11/26/63 
2 0  3 5  1 9  1964 10/13/64 
2 0  3 5  1 9  1 9 6 4  10/13/64 
2 0  3 5  1 9  1964 1 0 / 1 3 / 6 4  
2 0  3 5  367 1963 10/13/64 
4 0  3 5  1 9  1 9 6 4  1 0 / 1 3 / 6 4  
4  0  35 1 9  1964 10/13/64 
4 0  35 1 9  1964 1 0 / 1 3 / 6 4  
4 0  35 367 1963 10/13/64 
80 3 5  1 9  1964 1 0 / 1 3 / 6 4  
8 0  35 1 9  1 9 6 4  1 0 / 1 3 / 6 4  
80 3 5  1 9  1964 10/13/64 
80 3 5  367 196 3 10/13/64 
1 6 0  35 1 9  1 9 6 4  1 0 / 1 3 / 6 4  
1 6 0  35 1 9  1964 10/] 3/64 
1 6 0  35 1 9  1 9 6  4  1 0 / 1 3 / 6 4  
1 6 0  3 5  3  6 7  1963 1 0 / 1  3 / 6 4  
œ 
a\ 
S A M P L E  C R O P  T E M P  R  . H  .  I N .  M  E O . M  I N  .RATE V E L  I N .  J  S T O R  Y E A R  D A T E  
2 3 5 1 3 0 0  C O R N  125. 0  .  1  9 8  0  . 3  5  8  0  .059 
—  3  «  ''i7 4E-03 2 0  3 5  404 1964 1 1 /  2/65 
2 3 5 1 3 1 0  C O R N  125. 0  . 1  9 8  0  . 3 5 7  0  . 0 5 9  
- 2 .  5 4  l E -03 2 0  125 404 1964 1 1 /  2/65 
2351102 M I L O  125. 0  .  1  9 8  0  . 1 6 8  0  .065 -8. 755F-04 2 0  3 5  404 1 9 6 4  1 1  /  2/65 
2351112 M Î L Q  125. 0  .198 0  . 1 6 6  0  . 0 6 5  - 1 .  1 9 0 E -03 2 0  125 404 1964 1 1  /  2/65 
2352300 C O R N  125. 0  . 1  9 5  0  .357 0  . 059 
—  3 ,  536E-03 40 35 404 1964 1 1 /  2/65 
2 3 5 2 3 1 0  C O R N  1 2 5 .  0  . 1  9 5  0  .364 0  .059 - 2 .  82 OE-0 3  40 125 404 1964 1 1 /  2/65 
2352401 B E A N  125. 0  . 1  9 5  0  . 4  3 2  0  .041 - 7 .  85 3 E - 0 3  40 35 404 1964 1 1 /  2/65 
2352411 B E A N  1 2 5 .  0  .1 95 0  .5 28 0  . 0 3 9  - B .  0 6  I F - 0 3  4 0  1 2 5  404 1964 1 1  /  2/65 
2 3 5 3 3 0 0  C O R N  125. 0  .  ]  9 5  0  .354 0  .059 
—  3  «  6 6  5 E - 0 3  80 3 5  404 1964 1 1  /  2/65 
2 3 5 3 3 1 0  C O R N  125. 0  . 1  9 5  0  .364 0  . 0 5 9  
- 2 .  9 3  7 E - 0 3  80 1 2 5  404 1964 1 1 /  2/65 
2 3 5 3 4 0 1  B E A N  125. 0  . 1  9 5  0  .437 0  .041 - 7 .  4 9  6 E -03 80 35 404 1964 1 1  /  2/65 
2 3 5 3 4 1 1  B E A N  125. 0  . 1  9 5  0  .378 0  .040 - 5 .  7 2  l E -03 80 1 2 5  404 1964 1 1 /  2/65 
2 3 5 4 1 0 2  MILO 126. 0  .191 0  . 1 7 1  0  .065 
—  1  «  5 0  5 E -03 160 3 5  404 1964 1 1 /  2/65 
2 3 5 4 1  1 ?  M I L O  1 2 6 .  0  . 1  9 1  0  .165 0  .065 
- 1 .  3 1  7 E - 0 3  160 1 2 5  4 04 1 9 6 4  1 1 /  2 / 6 5  
2354401 B E A N  126. 0  . 1 9 1  0  .438 0  . 041 - 7 .  7 1 4 E -03 160 3 5  404 1964 1 1  /  2/65 
2  3 5 4 4 1 1  B E A N  126. 0  . 1 9 1  0  .42 5 0  . 040 - 7 c  287E-03 160 1 2 5  404 1964 1 1  /  2/65 
2 4 0 1 1 1 0  C O R N  1 2 5 .  0  .3 84 0  .222 0  . 0 7 6  - 3 .  799E-04 20 3 5  83 1962 1 /  8/63 
2 4 0 1 2 1 0  C O R N  125. 0  .3 84 0  .321 0  .075 - 7 c  7 1  5 F -04 2 0  3 5  83 1962 1 /  8/63 
2 4 0 1 3 1 0  C O R N  125. 0  .3 84 0  .3 5 7 0  .0 74 - 7  .  4 6  4 E -04 20 3 5  83 1962 1 /  8/63 
2401410 C O R N  125. 0  .3 84 0  .415 0  .068 - 7 .  64 8E-04 20 3 5  83 1962 1  /  8/63 
2402110 C O R N  125. 0  .3 88 0  .219 0  .076 
—  3  .  489E-04 4 0  3 5  83 1962 1  /  8/63 
2402210 C O R N  125. 0  .3 88 0  .320 0  .075 —  6  «  5 3 0 E -04 4 0  3 5  83 1962 1  /  8/63 
2 4 0 2 3 1 0  C O R N  125. 0  .3 88 0  .362 0  .0 76 - 7 .  9 1  5  E -04 40 35 83 1962 1 /  8/63 
2402410 C O R N  125. 0  .3 88 0  .421 0  . 0  6 7  - 7 .  1 3  0 E -04 40 3 5  83 1962 1 /  8/63 
2403110 C O R N  125. 0  .3 84 0  . 2 1 6  0  . 0  7 9  
—  6 .  880E- 0 ^ :  80 3 5  83 1962 1 /  8/63 
2403210 C O R N  125. 0  . 3  84 0  .317 0  .078 - 1  .  29 7 F -03 80 35 83 1962 1  /  8/63 
2 4 0 3 3 1 0  C O R N  125. 0  .3 84 0  .354 0  .078 —  1  «  269E-03 80 35 83 1962 1  /  8/63 
2403410 C O R N  125. 0  .3 84 0  .418 0  .074 - 1 .  1 9 8 E -03 80 35 83 1962 1 /  8/63 
240411 0  C O R N  125. 0  .3 88 0  .214 0  . 0 7 8  —  8 .  63 4 E-04 1 6 0  35 83 1962 1 /  8/63 
2 4 0 4 2  1 0  C O R N  125. 0  .3 88 0  .316 0  .077 —  1  «  832F-03 1 6 0  3 5  83 1962 1 /  8/63 
2 4 0 4 3 1 0  CORN 125. 0  .3 88 0  .349 0  .078 - 2 .  20 lE-0 3  1 6 0  35 83 1962 1 /  8/63 
2404410 C O R N  1 2 5 .  0  .3 88 0  .409 0  .0 76 - 1 .  869E-03 1 6 0  3 5 .  83 1962 1 /  8/63 
Fig. 29. Continued 
SAMPLE CROP TEMP R.H. IN.M EQ.M IN.RATE 
2411 1 10 CORN 1 2 5 .  0  . 3  9 8  0  . 2 1 1  0  .094 - 7  . 7 1 9 E -04 
2411410 C O R N  125. 0  .398 0  .403 0  .  0 9 3  
- 1  .  i 5 6 r -03 
2411420 CORN 125. 0  . 3  9 8  0  .413 0  .093 - 1  .560E-03 
2411430 C O R N  125. 0  . 3  9 8  0  .442 0  .093 
- 1  .76 4E-03 
24121 10 C O R N  125. 0  .3 96 0  .212 0  .094 
- 8  .  5 8 1 E -04 
24124 10 C O R N  125. 0  .3 96 0  .402 0  . 0 9 3  
- 1  .622E-03 
2412420 C O R N  125. 0  . 3  9 6  0  .413 0  .093 
- 1  .B12E-03 
2412430 C O R N  1 2 5 .  0  .3 96 0  .424 0  .093 
- 2  . 3 9 5 E - 0 3  
2413110 C O R N  125. 0  .3 99 0  .207 0  .094 - 8  .095E-04 
2413410 C O R N  125. 0  .399 0  .407 0  .093 
- 1  .892E-03 
2413420 C O R N  1 2 5 .  0  .3 99 0  .416 0  .093 - 2  . 0 9 8 E -03 
2413430 C O R N  125. 0  .3 99 0  .431 0  .093 
- 2  . 7 9 8 E -03 
2414110 C O R N  125. 0  .3 99 0  .209 0  . 094 - 8  . 8 7 7 E - 0 4  
2414310 C O R N  125. 0  .399 0  . 3  7 1  0  .094 - 2  .  9 4 7 E - 0 3  
2414410 C O R N  125. 0  .3 99 0  .405 0  .093 - 2  .205E-0 3  
2414430 C O R N  125. 0  .3 99 0  .417 0  .093 
- 2  . 567E-03 
24213 11 B E A N  125. 0  .3 90 0  .343 0  .061 - 1  . 8 2 7 E -03 
2421410 C O R N  125. 0  .390 0  .423 0  . 0 8 7  
—  1  .186C-03 
2421411 B E A N  125. 0  . 3  9 0  0  .443 0  . 0  6 1  - 2  . 4 9  4 E  • •  03 
2421511 BEAN 125. 0  .390 0  .562 0  .0 62 - 2  . 824E-03 
2422311 B E A N  125. 0  .3 83 0  .348 0  .061 -1 . 9 7 1 F -03 
2422410 CORN 125. 0  .3 83 0  .432 0  . 0 8 7  
- 1  . 3 1 3 E -03 
2422411 B E A N  1 25. 0  .3 83 0  .441 0  .062 - 3  . 6 0  7 E -03 
2422511 R E A N  125. 0  .3 83 0  . 5 5 1  0  .062 - 4  . 5 9 1 E -03 
2423311 B E A N  125. 0  .3 89 0  . 3 6 0  0  .062 - 2  .647E-0 3  
2423410 C O R N  125. 0  .3 89 0  .426 0  .087 - 1  . 4 7 1 E - 0 3  
2423411 B E A N  125. 0  .3 89 0  .442 0  .062 - 3  .891E-0 3  
2423511 B E A N  125. 0  .3 09 0  .538 0  .062 - 5  .  1 6 3 E -03 
2424311 B E A N  125. 0  . 3  9 1  0  .344 0  . 0  6 2  
—  3  . 7 9  0 r - 0 3  
2424410 C O R N  125. 0  . 3  9 1  0  .422 0  .  0 8 7  
- 1  . 9 4 6 E -03 
2424411 B E A N  125. 0  .391 0  .396 0  .062 - 3  .773E-0 3  
2424511 B E A N  125 . 0  .391 0  .559 0  .062 - 8  .271E-0 3  
Fig. 29. Continued 
V E L  I N .  T  STOP Y E A R  D A T E  
20 125 230 1962 6 /  4 / 6 3  
2 0  125 230 1962 6 /  4/63 
20 125 230 1962 6 /  4/63 
20 3 5  2 30 1962 6 /  4/63 
40 125 230 1962 6 /  4/63 
4 0  125 230 1962 6 /  4/63 
4 0  125 2 30 1962 6 /  4/63 
4 0  35 230 1962 6 /  4/63 
80 1 2 5  230 1962 6 /  4/63 
80 125 230 1962 6 /  4/63 
80 125 230 1962 6 /  4/6 3 
80 3 5  230 1962 6 /  4/63 
1 6 0  1 2 5  230 1962 6 /  4/63 
1 6 0  1 2 5  230 1962 6 /  4/63 
1 6 0  1 2 5  230 1962 6 /  4/63 
160 35 230 1962 6 /  4/63 
20 35 40 1964 1 1  /  3/64 
2 0  35 40 1964 1 1  /  3/64 
20 3 5  40 1964 1 1  /  3/64 
2 0  3 5  4 0  1964 1 1  /  3/64 
40 3 5  4 0  1964 1 1 /  3/64 
4 0  3 5  40 ]964 1 1 /  3/64 
40 35 40 1964 1  1  /  3/64 
4 0  3 5  4 0  1964 1 1  /  3/64 
80 35 40 1964 1 1  /  3/64 
80 35 40 1964 1 1  /  3/64 
8 0  35 40 1964 1 1 /  3/64 
60 35 40 1964 1 1 /  3/64 
1 6 0  35 40 1964 1 1  /  3/64 
1 6 0  35 40 1964 1 1  /  3/64 
1 6 0  35 40 1964 1 1  /  3/64 
1 6 0  3 5  40 1964 1 1  /  3/64 
S A M P L E  C R O P  T E M P  R  . H  .  I N. M  E  Q .  M  I N . R A T E  
2 5 0 1 1  1 0  C O R N  1 2 3 .  0  . 8 3 5  0  .234 0  . 1 9 7  - 7  . 7 6  4 E -05 
2 5 0 1 2 1 0  CORN 1 2 3 .  0  .835 0  .324 0  o  1 9 1  
- 2  . 7 9 3 2 -04 
2 5 0 1 3 1 0  C OP. N 1 2 3 .  0  . 8 3 5  0  . 3 6 0  0  .  1  8 5  - 2  .9195-04 
2 5 0 1 4 1 0  C O R N  1 2 3 .  0  . 8  3 5  0  . 4 1 7  G  . 1 8 5  —  3  .221E-0 4  
2 5 0 2 1 1 0  C O R N  1 2 2 .  0  . 8 4 1  0  . 2 3 5  0  .2 02 - 5  .22OE-0 5  
2 5 0 2 2 1 0  C O R N  1 2 2 .  0  . 8 4 1  0  . 3 2 5  0  .199 - 2  .  1 3 4 E -04 
2 5 C 2 3 1 0  CORN 122. 0  . 8  4 1  0  .362 0  .  1 9 8  - 2  . 8 7 2 E -04 
2 5 0 2 4 1 0  C O R N  1 2 2 .  0  .841 0  . 4 3 7  0  . 1 8 5  - 2  . 4 5  7 E -04 
2 5 0 3 1  1 0  C O R N  1 2 2 .  0  .8 51 0  .236 0  . 2 1 0  - 1  . 2 8 0 E - 0 4  
2 5 0 3 2  1 0  CORN 1 2 2 .  0  . 8  5 1  0  .325 0  .207 - 5  . 7 7 5 E -04 
2 5 0 3 3 1 0  C O R N  1 2 2 .  0  . 8  5 1  0  . 3 5 9  0  .206 —  6  . 8 8  4 E -04 
2 5 0 3 4 1 0  C O R N  122 . 0  . 8  5 1  0  .429 0  .  2 0 3  
—  6  . 6 5 0 E -04 
2  5 0 4 1 1 0  C O R N  1 2 2 .  0  .841 0  . 2 3 0  0  .200 - 1  .690E-04 
2 5 0 4 2  1 0  C O R N  1 2 2 .  0  .841 0  .326 0  . 2 0 0  
—  6  . 5 2 2 E - 0 4  
2 5 0 4 3 1 0  C O R N  122. 0  . 8  4 1  0  . 3 5 7  0  . 1 9 6  - 7  . 7 9 8 E -04 
2 5 0 4 4 1 0  C O R N  122. 0  .8 41 0  .423 0  .194 - 7  . 8 3 9 E -04 
2 5 1 1 3 1 0  CORN 124. 0  . 5  76 0  .363 0  .  1 1 9  - 8  . 880E-04 
2 5 1 1 3 1 1  B E A N  124. 0  .576 0  .347 0  .091 - 1  . 0 7 8 E -03 
2 5 1 1 4 1 0  C O R N  124. 0  .576 0  .427 0  .  1  17 - 1  . 1 2 5 E - 0 3  
2 5 1 1 4 1 1  B E A N  124. 0  . 5  7 6  0  . 4 5 0  0  .091 - 2  . 8 3  3 E - 0 3  
2 5 1 2 3  1 0  C O R N  125. 0  .568 0  .357 0  .  1  1 7  - 1  .355E-0 3  
2 5 1 2 3 1 1  B E A N  1 2 5  .  0  .5 68 0  .344 0  .0 93 - 2  .07GE-0 3  
2 5 1 2 4 1 0  C O R N  1 2 5 .  0  .568 0  .431 0  .  1  1 7  - 1  . 6 1 8 E -03 
2 5 1 2 4 1 1  B E A N  125. 0  .568 0  .45 5 0  .090 
- 2  .  6 9  5 E -03 
2 5 1 3 3 1 0  CORN ] 25. 0  . 5  7 3  0  .360 0  .  1  1 9  
- 1  .  2 5 6 E - 0 3  
2 5 1 3 3 1 1  B E A N  1 2 5 .  0  .573 0  . 3 3 8  0  .093 - 2  . 0 4 0 F - 0 3  
2 5 1 3 4 1 0  C O R N  125. 0  . 5  7 3  0  .424 0  .  1 1 7  - 1  . 5 7 2 E - 0 3  
2 5 1 ^ 4 1 1  BFAN 125. 0  .5 73 0  .448 0  . 092 - 3  .  1 5 0 E - 0 3  
2 5 1 4 3 1 0  C 0 2 N  1 2 4 .  0  .5 84 0  .361 0  o  1  1 8  - 1  .  2 6 9 E -0 3  
2 5 1 4 3 1 1  B E A N  124. 0  . 5  8 4  0  .342 0  . 0 9 3  - 2  .236E-0 3  
2 5 1 4 4 1 0  C O R N  124. 0  .5 84 0  .425 0  .  1  1 8  - 1  .312F-0 3  
2514411 B E A N  1 2 4  .  0  . 5  8 4  0  .440 0  .0 94 - 3  . 3 3 3 5 - 0 3  
Fig. 29. Continued 
V E L  I N  . T  S T O R  Y E A R  D A T E  
20 3 5  9 7  1 9 6  2  1/22/63 
2 0  3 5  9 7  1962 1/22/63 
20 3 5  9 7  1962 1/22/63 
20 3 5  9 7  1962 1/22/63 
4 0  3 5  9 7  1962 1/22/63 
4 0  3 5  9 7  1962 1/22/63 
4 0  3 5  9 7  1 9 6  2  1/22/63 
40 3 5  9 7  1962 1/22/63 
80 3 5  9 7  1962 1/22/63 
80 3 5  9 7  1962 1/22/63 
80 3 5  9 7  1962 1/22/63 
80 3 5  9 7  1962 1/22/63 
1 6 0  3 5  9 7  1962 1/22/63 
1 6 0  3 5  9 7  1962 1/22/63 
160 3 5  9 7  1962 1/22/63 
160 3 5  9 7  1962 1/22/63 
20 3 5  1 1 2  1 9 6 4  1/14/65 
2 0  3 5  112 1964 1/14/65 
20 3 5  112 1964 1 / 1 4 / 6 5  
20 3 5  1 1 2  1 9 6  4  1 / 1 4 / 6 5  
4 0  3 5  1 1 2  1 9 6 4  1 /I 4/65 
4 0  35 112 1964 1/14/65 
4 0  3 5  1 1 2  1 9 6 4  1/14/65 
4  0  3 5  1 1 2  1964 1 / 1 4 / 6 5  
80 3 5  1 1 2  1964 1/14/65 
8 0  3 5  1 1 2  1964 1 / 1 4 / 6 5  
80 3 5  1 1 2  1964 1 / 1 4 / 6 5  
80 3 5  1 1 2  1964 1 /I 4/65 
160 3 5  1 1 2  1964 1/14/65 
1 6 0  3 5  112 1964 1/14/65 
1 6 0  3 5  112 1 9 6 4  1/14/65 
160 35 1 1 2  1964 1/14/65 
SAMPLE CROP TEMP R.H. IN.M EQ.M IN.RATE 
2 6 0 1 3 1 0  CORN 123. 0  . 8  2 5  0  .367 0  .  1  7 2  - 5  .569E-0 4  
2601311 B F A N  1 2 3 .  0  .8 25 0  .362 0  . 2 0 7  —  6  . 2 1 2 E - 0 4  
2601410 C O R N  123. 0  .8 25 0  .454 0  . 1 62 - 7  . 2 7 6 E -04 
2 6 0 1 4 1 1  B E A N  1 2 3 .  0 .825 0  .471 0  .202 - 5  . O O O E -04 
2602310 C O R N  123. 0  .8 18 0  . 3 7 4  0  . 1 7 4  - 8  .2782-04 
2602311 B E A N  123. 0  . 8  1 8  0  . 3  7 0  0  .212 - 6  . 7 6 3 E ~  04 
260241 0  C O R N  1 23. 0  . 8 1 8  0  .465 0  .  1 7 3  - 1  .298E-0 3  
2 6 0 2 4 1 1  B E A N  123. 0  . 8  1 8  0  . 5 0 7  0  . 2 1 3  
- 1  . 1 9 1 E - 0 3  
2 6 0 3 3  1 0  C O R N  123. 0  .8 23 0  .368 0  .172 - 1  .  6 1 6 E -03 
2 6 0 3 3 1 1  B E A N  123. 0  .823 0  . 3 6 3  0  .202 - 1  .732E-0 3  
2 6 0 3 4 1 0  C O R N  123. 0  .823 0  .459 0  . 1 7 3  - 1  .912E-0 3  
2603411 B E A N  123. 0  .823 0  .484 0  .208 
- 1  . 9 8 1 E -03 
2604310 CORN 122. 0  .8 32 0  .359 0  .173 - 1  .  1 1 9 E -03 
2604311 B E A N  1 22. 0  .832 0  .349 0  . 2  0 7  
- 1  . 1 9  1 E -03 
2 6 0 4 4 1 0  C O R N  122. 0  .832 0  o 4  6 6  0  . 1 7 4  - 1  .582E-03 
2604411 B E A N  1 2 2 .  0  .832 0  . 4 6 7  0  .209 - 2  .  1 6 6 E -03 
3 1 1 1 1 1 0  C O R N  1 5 9 .  0  . 0 5 0  0  :328 0  .005 - 2  .20OE-03 
3111120 CORN 159. 0  .050 0  .253 0  . 0 1 2  - 1  .333E-03 
3 1 1 1 3 1 0  C O R N  159. 0  . 0  5 0  0  .336 0  . 006 
- 2  . 62 9E-03 
3 1 1 1 4 1 0  C O R N  1 5 9 .  0  . 0  5 0  0  . 3 7 3  0  .  0 0 6  
- 2  .  8 2  5 E - 0 3  
3 1 1 2 1 1 0  C O R N  160. 0  .050 0  . 3 1 8  0  .011 - 2  .184E-03 
3 1 1 2 1 2 0  C O R N  160. 0  .050 0  .252 0  .007 -1 .  5 1 7 E -03 
3 1 1 2 3 1 0  C O R N  160. 0  . 0  50 0  ^ 349 0  . 0 0 6  - 3  .060E-03 
3112410 C O R N  160. 0  . 0  5 0  0  .367 0  .  0 0 7  
- 2  . 3 8 8 E -03 
3 1 1 3 1  1 0  C O R N  1 5 9 .  0  . 0  5 1  0  . 3 1 0  0  .008 
- 2  .4246-03 
3113120 C O R N  1 5 9 .  0  . 0  5 1  0  .253 0  .  0 0 5  
- 1  . 6 2 1 E -03 
3 1 1 3 3 1 0  CORN 1 5 9 .  0  . 0 5 1  0  . 3 5 5  0  .003 — 3  . 3 1 8 c -03 
3 1 1  3 4 1 0  CORN 159. 0  . 0  5 1  0  .375 0  .006 
—  3  . 0 3 9 E -03 
3114110 C O R N  1 6 0 .  0  .050 0  .328 0  .004 - 2  . 8 9  l E -03 
3114120 C  O R  N  160. 0  . 0  5 0  0  .252 0  .004 -1 .  7 8  4 E -03 
3 1 1 4 3 1 0  CORN 160. 0  .050 0  .353 0  .002 - 3  .522E-03 
311 4410 C O R N  160. 0  . 0  5 0  0  .372 0  . 0 0 7  - 3  . 396E-0 3  
Fig. 29. Continued 
V E L  I N . T  S T  O R  Y E A R  D A T E  
2 0  3 5  2 7 8  1 9  6 4  6/29/65 
2 0  3 5  2 7 8  1964 6/29/65 
2 0  3 5  2 7 8  1964 6/29/65 
2 0  3 5  2  7 8  1964 6 / 2 9 / 6 5  
4 0  35 2 7 8  1964 6/29/65 
4 0  3 5  2 7 8  1964 6 / 2 9 / 6 5  
40 3 5  278 1964 6 / 2 9 / 6 5  
40 3 5  278 1 9 6 4  6/29/65 
80 3 5  2 7 8  1 9 6 4  6/29/65 
80 3 5  2  7 8  1964 6/29/65 
80 3 5  2  7 8  1964 6/29/65 
80 3 5  278 1964 6/29/65 
160 3 5  278 1964 6/29/65 
1 6 0  3 5  2 7 8  1964 6/29/65 
1 6 0  35 278 1964 6/29/65 
1 6 0  35 278 1964 6/29/65 
20 1 6 0  109 1963 1/28/64 
20 1 6 0  109 1963 1/2 8/64 
2 0  1 6 0  1 0  9  1963 1/28/64 
2 0  1 6 0  1 0 9  1963 1/28/64 
40 1 6 0  1 0 9  1 9 6 3  1/28/64 
40 1 6 0  1 0 9  1963 1/28/64 
40 1 6 0  1 0 9  1963 1/28/64 
40 1 6 0  1 0 9  1963 1/28/64 
8 0  1 6 0  1 0 9  1963 1/2 8/64 
80 160 1 0 9  1963 1/28/64 
8 0  1 6 0  1 0 9  1963 1/28/64 
80 1 6 0  1 0 9  196 3 1/28/64 
1 6 0  160 1 0 9  1 963 1/ 2  3 / 6 4  
1 6 0  1 6 0  1 0 9  1963 1 /28/64 
160 1 6 0  1 0 9  1963 1/2 8/64 
1 6 0  1 6 0  1 0 9  1963 1/28/64 
SAMPLE CROP TEMP R .H .  IN. M E Q. M IN .RATE VEL IN.T STOR YEAR DATE 
3121310 CORN 161. 0 .047 0 .3 75 0 .019 -2.  456E- 03 20 35 182 1964 3/25/65 3121311 BEAN 161 .  0 .047 0 .344 0 .0 15 -4.  41 LE- 03 20 35 182 1964 3/25/65 3121410 CORN 161. 0 .047 0 .445 0 .019 -  4.  598E- 03 20 35 1 82 1964 3/25/65 3121411 P.EAN 161. 0 .0 47 0 .457 0 .016 -  6. 373E-03 20 35 182 1964 3/25/65 31223 10 CORN 161 .  0 .0 46 0 .380 0 .019 -3.  74 6E-03 40 35 182 1964 3/25/65 3122311 BEAN 161. 0 .0 46 0 .345 0 .016 -4.  902E-03 40 35 182 1964 3/25/65 3122410 CORN 161. 0 .046 0 .436 0 .0 19 -4.  01 8E-03 40 35 182 1964 3/25/65 3122411 BEAN 161. 0 .046 0 .4 5 8 0 .016 -7.  526E-03 40 35 182 1964 3/25/65 3123310 CORN 160. 0 .047 0 .375 0 .019 -3.  9 8 6E- 03 80 35 182 1964 3/25/65 31233 11 BEAN 160. 0 .047 0 .345 0 .016 -5.  1 2 1 E-03 80 35 182 1964 3/25/65 3123410 CORN 160. 0 .047 0 .4 31 0 .019 -4.  458E-03 80 35 182 1964 3/25/65 3123411 BEAN 160. 0 .0 47 0 .468 0 .016 -7.  712E-03 80 35 182 1964 3/25/65 31243 10 CORN 160. 0 .048 0 .384 0 .0 18 -4.  81 4E- 03 160 35 182 1964 3/25/65 3124311 BEAN 160. 0 .048 0 .344 0 .016 -7.  278E- 03 160 35 182 196 4 3/25/65 3124410 CORN 160. 0 .0 48 0 .451 0 .019 — 6.  650E-03 160 35 1 82 1964 3/25/65 3124411 BEAN 160. 0 .0 48 0 .466 0 .016 -1.  119E- 02 160 35 132 196 4 3/25/65 
3201310 CORN 160. 0 .105 0 .363 0 .031 — 2 « 335E-03 20 35 157 19 64 3/  1/65 3201311 BEAN 160. 0 .1 05 0 .355 0 .023 -4.  489E-03 20 35 157 19 6 4 3/  1 /65 3201410 CORN 160. 0 .1 05 0 .435 0 .0 32 — 3.  511E-03 20 35 157 1964 3/ 1/65 3201411 BEAN 160. 0 .1 05 0 .462 0 .023 — 6 « 693E-03 20 35 1 57 1964 3/  1/65 3202310 CORN 161. 0 .  1 03 0 .374 0 .032 — 2.  902E-03 40 35 157 1964 . 3/ 1 /65 32023 11 BEAN 161. 0 .103 0 .361 0 .0 24 -2.  B5 0E-03 40 35 157 1964 3/ 1 /65 
3202410 CORN 161 . 0 .103 0 .429 0 .032 -2.  830E-03 40 35 157 1964 3/ 1 /65 3202411 BEAN 161. 0 .103 0 .463 0 .023 -7.  95 6E-03 40 35 157 19 64 3/  1 /65 3203310 CORN 160. 0 .1 05 0 .368 0 .032 -3. 559E-03 80 35 157 1964 3/ 1/65 
3203311 BEAN 160. 0 .105, 0 .360 0 .023 — 6.  594E-03 80 35 157 1964 3/ 1/65 3203410 CORN 160. 0 .1 05 0 .453 0 .0 31 -3.  81 7E-03 80 35 157 1964 3/  1 /65 3203411 BEAN 160. 0 .105 0 .472 0 .023 -7C 54 7E- 03 80 35 157 1964 3/ 1 /65 3204310 CORN 160. 0 .1 06 0 .3 63 0 .031 -4.  190E-03 160 35 157 1964 3/ 1 /65 32043 11 BEAN 160. 0 .106 0 .355 0 .023 -7.  87QE- 03 160 35 157 1964 3/ 1/65 3204410 CORN 160. 0 .1 06 0 .431 0 .032 -5.  0 74E-03 160 35 157 1964 3/ 1/65 3204411 BEAN 160. 0 .106 0 .463 0 .023 -9.  942E-03 160 35 157 1964 3/  1/65 
Fig. 29. Continued 
SAMPLE CROP TEMP R. 
3321110 C O R N  159. 0  
3 3 2 1 2 1 0  C O R N  1 5 9 .  0  
3 3 2 1 3 1 0  CORN 1 5 9 .  0  
3321410 C O R N  1 5 9 .  0  
3 3 2 2 1 1 0  C O R N  1 6 0 .  0  
3 3 2 2 2  1 0  CORN 1 6 0 .  0  
3 3 2 2 3 1 0  C O R N  1 6 0 .  0  
3 3 2 2 4  1 0  C O R N  1 6 0 .  0  
3 3 2 3 1 1 0  C O R N  1 5 9 .  0  
3323210 C O R N  1 5 9 .  0  
3 3 2 3 3 1 0  C O R N  1 5 9 .  0  
3 3 2 3 4 1 0  C O R N  1 5 9 .  0  
3 3 2 4 1 1 0  CORN 1 5 9 .  0  
3 3 2 4 2 1 0  C O R N  1 5 9 .  0  
3 3 2 4 3 1 0  C O R N  1 5 9 .  0  
3324410 C O R N  1 5 9 .  0  
3 3 3 1 3 1 . 0  C O R N  160. 0  
3331311 B E A N  1 6 0 .  0  
3331410 C O R N  1 6 0 .  0  
3 3 3 1 4 1 1  B E A N  1 6 0 .  0  
3332310 C O R N  161. 0  
3 3 3 2 3 1 1  B E A N  1 6 1  .  0  
3332410 C O R N  1 6 1 .  0  
3332411 B E A N  1 6 1 .  0  
3333310 C O R N  1 6 0 .  0  
3333311 B E A N  1 6 0 .  0  
3333410 C O R N  1 6 0 .  0  
3333411 BEAN 1 6 0 .  0  
3334310 CORN 1 5 9 .  0  
3334311 B E A N  1  5 9 .  0  
333441C C O R N  1 5 9 .  0  
3334411 B E A N  159 . 0  
IN.M EQ.M IN.RATE 
0  , 1 9 8  0  . 0 4 6  - 8 .  5 2 5 E -04 
0  .290 0  .047 
— 2 .  2 1  5 E -03 
0  . 3 7 6  0  .047 - 3 .  1 4 8 E -03 
0  . 3 7 6  0  . 0  4 6  
- 1 .  9 8 4 E -03 
0  . 2 1 9  0  . 0 4 6  
- 1 .  4 9  2 E -03 
0  . 3 1 6  0  . 0 4 7  
- 2 .  6 0 9 E - 0 3  
0  . 3  7 5  0  .  0 4 8  - 3 .  35 6 E -03 
0  . 4 0 0  0  .048 - 3 .  0 9 2 E - 0 3  
0  .213 0  . 0 4 7  
- 1 .  2 8 0 E -03 
0  .298 0  . 0 4 7  
- 2 .  7 6 5 E -03 
0  . 3 7 3  0  . 0 4 3  
- 4 .  4 0 9 E -03 
0  .398 0  . 0 4 7  
- 3 .  6 7 1 F -03 
0  .208 0  .047 -1. 2 9 9 E - 0  3  
0  .295 0  . 0 4 8  
- 2 .  646E-0 3  
0  .381 0  .048 - 5 .  7 2 3 E - 0 3  
0  . 3 9 3  0  .047 - 4. 1 2 1 E -03 
0  . 3 6 9  0  .050 - 2 .  162E-03 
0  . 3 4 9  0  . 0 3 3  -  3 .  1 1 6 E -03 
0  .447 0  . 0 5 0  
- 2 .  69 lE-03 
0  .468 0  .033 - 4 .  6 4  5 E -03 
0  . 3  6 6  0  . 0 5 0  - 2 .  5 1  4 E - 0 3  
0  . 3 5 3  0  .032 —  3. 4 5  9 E -03 
0  . 4 4 5  0  . 0  5 0  - 3 .  1 6  l E -03 
0  .472 0  .033 - 4 .  2 9 6 E -03 
0  .365 0  .  0 5 0  - 2  ,  4 4  4 E - 0 3  
0  . 3 4 7  0  .033 - 5 .  8 7 2 E - 0 3  
0  .449 0  . 0 5 0  —  3  »  3 0 2 E - 0 3  
0  .470 0  . 0  3 3  —  6  o  241E-0 3  
0  . 3 6 9  0  .050 - 3 .  2 1  l E - 0 3  
0  .348 0  .033 - 6. 7 1  8 E -03 
0  .448 0  . 0 5 0  - 4 .  1 3 B E -03 
0  .462 0  . 0 3 3  - 8 .  0 7 5 E -03 
H  .  
2 02 
2 0 2  
2 0 2  
2 0 2  
1  9 8  
1 9 8  
1  9 8  
1  9 8  
2 0 1  
2 0 1  
2 01 
2 0 1  
202 






2 0 2  
1  9 8  
1  9 8  
1  9 8  
1  9 8  
2 02 
2 0 2  
2 0 2  
2 0 2  
2  0 5  
2 05 
2  0 5  
2 05 
Fig. 29. Continued 
V E L  I N . T  S T O R  Y E A R  D A T E  
2 0  1 6 0  313 1 9 6 2  8/20/63 
2 0  1 6 0  3 1 3  1962 8/20/63 
20 1 6 0  3 1 3  1 9 6 2  8/20/63 
2 0  1 6 0  3 1 3  1962 8/20/63 
4 0  1 6 0  313 1 9 6 2  8/20/63 
40 1 6 0  313 1 9 6 2  8/20/63 
4 0  1 6 0  3 1 3  1962 8/20/63 
40 1 6 0  3 1 3  1 9 6 2  8/20/63 
80 1 6 0  3 1 3  1 9 6 2  8/20/63 
80 1 6 0  3 1 3  1 9 6 2  8/20/63 
80 1 6 0  313 1 9 6 2  8/20/63 
80 1 6 0  3 1 3  1 9 6 2  8/20/63 
1 6 0  1 6 0  3 1 3  1 9 6  2  8/20/63 
1 6 0  1 6 0  3 1 3  1962 8/20/63 
1 6 0  1 6 0  3 1 3  1 9 6 2  8/20/63 
1 6 0  1 6 0  3 1 3  1 9 6 2  8/20/63 
20 3 5  124 1964 1/26/65 
2 0  3 5  124 1964 1 /26/65 
2 0  3 5  124 1964 1  / 2 6 / 6 5  
2 0  3 5  124 1964 1/26/65 
4 0  35 124 1964 1/26/65 
4 0  3 5  124 1 9 6  4  1/26/65 
4 0  35 124 1964 1 / 2 6 / 6 5  
4 0  3 5  124 1964 1  / 2 6 / 6 5  
80 3 5  124 1 9  6 4  1/26/65 
8 0  35 1 2 4  1964 1 /26/65 
80 3 5  124 1964 1/26/65 
80 35 124 1964 1/26/65 
1 6 0  35 1 2 4  1964 1/ 2 6 / 6 5  
160 35 124 1964 1 /26/65 
1 6 0  35 124 1964 1/26/65 
1 6 0  35 124 1964 1/26/65 
SAMPLE C R O P  TEMP R .  
3401110 CORN 160. 0 
3401310 CORN 160. 0 
3401320 CORN 160. 0 
3401410 CORN 160. 0 
3402110 CORN 161. 0 
3402310 CORN 161. 0 
3402320 CORN 161. 0 
3402410 CORN 161. 0 
3403110 CORN 160. 0 
3403310 CORN 160. 0 
3403320 CORN 160. 0 
3403410 CORN 160. 0 
3404110 CORN 160. 0 
3404310 CORN 160. 0 
•3404320 CORN 160 . 0 
3404410 CORN 160. 0 
1011310 CORN 90. 0 
1011311 BEAN 90. 0 
1011410 CORN 90 o 0 
1011411 BEAN 90. 0 
2011310 CORN 125. 0 
2011311 BEAN 125. 0 
2011410 CORN 125. 0 
2011411 BEAN 125. 0 
3011310 CORN 162. 0 
3011311 BEAN 162. 0 
3011410 CORN 162. 0 
3011411 BEAN 162. 0 
40 11310 CORN 216. 0 
4011311 BEAN 216. 0 
4011410 CORN 216. 0 
4011411 BEAN 216. 0 
I N . M  E Q . M  I N . R A T E  
0. 248 0 .068 -1 .114E-03 
0. 324 0 .068 -1 .718E-03 
0. 366 0 .069 -2 .005E-03 
0. 369 0 .068 -2 .472E-03 
0. 255 0 .068 — 1 .187E-03 
0. 326 0 .060 -2 .277E-03 
0. 368 0 .069 -2 .466E-03 
0. 370 0 .069 -2 .599E-03 
0. 238 0 .068 -1 .556E-03 
0. 343 0 .069 -2 .368E-03 
0. 389 0 .069 -3 .379E-03 
0. 392 0 .069 -3 .025E-03 
0. 247 0 .068 
-1 .757E-03 
0. 341 0 .069 -2 .488E-03 
0. 367 0 .069 -2 .BOOE-03 
0. 367 0 .069 -3 .032E-03 
Oi 361 0 .040 ... 1 .276E-03 
0. 340 0 .025 — 3 .367E-03 
Oc 445 0 .039 — 1 .648E-03 
Oo 452 0 .021 "4 .621E-03 
Oi 36 1 0 .010 -2 .774E-03 
Oo 329 0 .006 -4 .964E-03 
0. 43 8 0 .008 -2 .963E-03 
0. 455 0 .008 -6 .882E 03 
0. 368-0 .005 -4 .457. -03 
0. 339 0 .000 -7 . 6 4 8 E ~ 03 
O o  439-0 .007 -5 .036E-03 
0. 455-•0 .002 -1 .151E-02 
0. 370-•0 .006 -6 .419E-03 
0. 351-0 .002 -9 .128E-03 
0. 437-0 .007 -7 .836E-03 
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0 0 1  
0 0 1  
Fig. 29. Continued 
VEL IN.T STOR YEAR DATE 
20 160 84 1963 1/ 3/64 
20 160 84 1963 1/ 3/64 
20 35 84 1963 1/ 3/64 
20 160 84 1963 1/ 3/64 
4C 160 84 1963 1/ 3/64 
40 160 84 1963 1/ 3/64 
4C 35 84 1963 1/ 3/64 
4C 160 84 1963 1/ 3/64 
80 160 84 1963 1/ 3/64 
8C 160 84 1963 1/ 3/64 
80 35 84 1963 1/ 3/64 
80 1 60 84 1963 1/ 3/64 
160 160 84 1963 1/ 3/64 
160 160 84 1963 1/ 3/64 
160 35 84 1963 1/ 3/64 
160 160 84 1963 1/ 3/64 
VÛ 
20 35 126 1 964 1/28/65 LO',', 
20 35 126 1964 1/28/65 HUf-TDITY 
20 35 126 1964 1/28/65 
20 35 126 1964 1/28/65 
20 35 126 1964 1/28/65 
20 35 126 1964 1/28/65 
20 35 126 1964 1/28/65 
20 35 126 1964 1/28/65 
2C 35 126 1964 1/28/65 
20 35 126 1964 1/28/65 
20 35 126 1964 1/28/65 
20 35 126 1 964 1/28/65 
20 35 126 1964 1/28/65 
20 35 126 1 964 1/28/65 
20 35 126 1964 1/28/65 
2C 35 126 1964 1/28/65 
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S A M P L E  C R O P  T E M P  R. H. IN .M EQ '.M IN . R A T E  
1011030 C O R N  90. 0. 026-•0. 006 0. 004 -1. 229E-
1011031 B E A N  90. 0. 026-•0. 003 0. 001 -1. 360E-
1011040 C O R N  90. 0. 026-0. 006 0. 004 -9. 917E-
1011041 B E A N  90. 0. 026-0. 003 0. 002 — 1 o 648E-
2011030 CORN 125. 0. 009-0. 000 C. 004 — 6 « 503E-
2011031 B E A N  125. 0. 009 0. 000 0. 002 -4. 143E-
2011040 C O R N  125. 0. 009- 0. 002 0. 002 -2. 332E-
2011041 B E A N  125. 0. 009-•0. 002 0. 001 -3. 930E-
3011030 C O R N  160. 0. 004 0. 020-0. 001 -3. 930E-
3011031 B E A N  160. 0. 004 0. 006-0. 002 -3. 930E-
3011040 C O R N  160. 0. 00 4 0. 018-0. 003 -3. 930E-
3011041 B E A N  160. 0. 004 0. 009-•0. 001 -3. 930E-
4011030 C O R N  216. 0. 001 0. 051-0 c 006 -3. 930E-
4011031 B E A N  216. 0. 001 0. 026-0. 001 -3. 930E-
4011040 CORN 216. 0. 001 0. 049-0. 007 — 3. 930E-
4011041 B E A N  216. 0. 001 0. 02 2-0. 004 -3. 930E-
V E L  I N . T  S T O R  Y E A R  D A T E  
2C 35 126 1964 2/25/65 L O W  
20 35 126 1964 2/25/65 H U M I D ! T Y  
20 35 126 1964 2/25/65 A N D  
20 35 126 1964 2/25/65 R E K E T T I N G  
20 35 126 1 964 2/25/65 
20 35 126 19 64 2/25/65 
20 35 126 1964 2/25/65 
20 35 126 1964 2/25/65 
20 35 126 1964 2/25/65 
2C 35 126 1964 2/25/65 
20 35 126 1964 2725/65 
20 35 126 1964 2/25/65 
20 35 126 1964 2/2 5/65 
20 35 126 1964 2/25/65 
20 35 126 1964 2/25/65 
20 35 126 1964 2/25/65 
vo 
Ui 
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APPENDIX B: SELECTED SAMPLE DATA 
On the following pages are the experimental data for selected samples 
of corn. The data in Fig. 30 are for the 160 samples used in evalu.>ting 
the two mathematical models described in this report. Fig. 31 gives 
additional data which were used in the qualitative evaluation of the 
results. Test conditions for all of the tests are given in Appendix A. 




• •••••••••, ••••••••••••«••••< 
oooooooooooooooooooooooooooc * # « # # # # $ # # * # * # # # » # # # # # $ # # # # *  fVNNfVfVfVfVfVrVWWWWl OOOOm"#«NWWViO"40D^ONW^^^-^(D^OfMW; tJ)9>"*10DOO*^00000(7^<0«0^r'Ui>V1U<rvJW4^U>t«k)^i^'V'' \/1f»^^V1»OWU1»JlWWVlNf»fV»"0,OO.f'»OM^ODV1(%»ruWV 
•  • • • • • • • • • • • • • • • • • • • • • • • « ) • • •  
O O O O O O O O O O O O O O O O O O O O O O O O O O C  
* # * * # # # # # # # # # * # # « # # » # # # # » * »  
So'-wco^^ff'rG'—. -, 
•  • • « • • • • • • • • • • • • • • • > •  
W^O»^>OOfVWVlOO)'6p''Nf*V1N(%)'6l\IW l»»^«g«g*-«00^'4<>»i'aD4*9'OUlU>a'OMQOO*4 
O- ^  s»* NJ IM »— »-
CO 00 V% L wa)'^O^V1f'v)Wl\JNNp-^p^ C ^^UJrsj»-'uiors)*^^h--g^r-03^^rvj^- : O N c o » O M v ) ' f * O L n r j f ; ' - 4 - ^ - 4 ( y " " » 4 a ' V i o o r  
o o o o o o 
o o o 
oooooooooooooooooooo: 
•  • • • • • • • • • « • • • • • • • • • j ;  
M^U1O»(D00«C#-N»W^V((>N*0O;'^W^O( V1(7'V10*O0)<C^U1f'WU1^»0Wf'".j^»0h-" 
^ > 4 < o r \ j r o o > O f \ ) v n o « o 4 ^ ( > < > ' v 0 4 ^ ^ 4 « o o r v )  
w S UlfWWNhUfVf-'P-»-' ' 
^o o OOOOOOOC9000000000000000QOOOO 





O O O O O O O O O O O O O O O O O O O O O O O O O O C ^  
' * • ' • « • • • • • • • • • • • • • • • • • • • • •  
^#wh:*^^wp«|.«m«^^^m«fsjNfVNWNNMNWWWW )^^i\jv>>u'U)9>«<4aoON>u<-^ui^><iœ<oO(^r\)^ D^o>^0'*4-^U)^««i«g-goo>)^wut^«>j-jaD»4a3#> J'*4-4(^W"**00«^V)W^-00'6W'f»^V)0Wf*'^W 
4 O O O V I N V I ^ N V n o ( \ * < ? » f V « 0 E ? » W O a ) 0 * ^ W f ^  hWO'0D»0a)N^0»^fU(Z'«0^^WWN^h^(^O^ 
O O O O O O O O O O O O O O O O O O O O O O O O O O O  
•  • • • • • • • • • • • • • • • • • • • • • • • • • •  
o o o o # ^ ^ N w ^ ( ^ - 4 ' a o N w v i - ' ^ c o O h ' m j $ " W t - ^ a ) ^ h ^  UI9"-4a)i-«"40"WNNCDM»,0N0»WO0»mp-0"W0«^^W^-4 
u i ^ f \ » . 4 W O ^ O N O ^ O » w o o o v n w w « ^ w > o a ) 0 0 ( » ' 0  
ui % Q0f-«yWOD-^O*U1^WWNfVM»-«— f:" 
h -  O O O O O O O O O O O O O O O O O O O O O O O O O O O !  
•  • • • • • • • • • • • • • • « • • • • • • • • • • • 4  OOOOOM'Mm»''»-'f^»'^^^^^f\)rvNrJWfVfVNNWWWWV 
- j 0 D C 0 » 6 , 6 O O ' - ' N f ^ L n O ( % ) m o ^ ^ f \ ) w ^ u i ( > " « j » 0 O f - w f ' (  
N 
o x ^  
*00 
w in 
5i % s .p" V 
r\i SÛ ' 





h^H^M«p^NfVNNrurvr\)wwwwww$«^' VI(^0Ds0*-'N^VIN0)^^'N$'V1-4O^^W& oaDM''ao^w(Do(\)(yO"4Vi^O'Ui^fv« \O.^N4.nww-.jOf'Wov%»^(hONma».f" 
S5 
-I 
"«J*6VIOf^O»-"VV^OONOV)^1.UWrVNM"»— »— »-* w 
, O N W l ^ " 4 ^ 0 0 V l - ^ V 1 ^ f V V 1 ^ 0 ^ J ( ^ N » 0 ( ^ W O " ^ W f ' N ^  X  t '  
'«^rv»ouiuif'«f"-j(P"^(^wviw^^ui-4i\*WN»'*o»o»of'Owomo 
• •••••••••••••••••#••••••••• 
00000000000000000000000000002^ # # # # * « # # # # » » * » # # # # # * # # # * * # * # o o  
O O O O » ' ' ^ N f \ » W V l ^ " 4 ( D y 3 O h ^ W ^ U ) 9 " " ^ a D « 0 O m # M ^ * V l l / *  (^m*00'6r^0»'^^0»viwwuiwiv)"40rv0'— 
^fvow(^f^oç»o0"VsnH"Oov1wsD(^w^^-f'y)f'(^CDO\no 
h-a>-^o»^wrv»-»r' «y (D'OViof'Of-^waa^^vi^wwrvNM'''^*-'»— 
Sf \ ) 0 ' i a « 4 ^ 0 r ^ ( P W O ^ N * V ) « O f V « y N « 6 ( ^ W O O » O f " W ^ ^  Z 4 »  0"^00"400^Nf^ON'OOm"»j'-'OD*40»OVlVlVl«OW@0'"'^ 
• ••••••••••••••••«•••••••••• 
CO rv » m w w f\) 
O O O O O O O O O O O O Q O O O O O O O O O O O O O O O :  
•  • » • • • • • • • • • • • • • • • • • • • • • • • • • (  
- » f m m » o ^ o o ' " N f ^ v ) O O D a ) * 0 ' ^ N w ^ u i o » - 4 % o O f ^ r v ^ v i ( ,  NOu)M^o*"«,oo(^'^oooa)(%)wf^wNNw(^Of''^«ov)«a" 
wf-oo^mwLnwviknoDwviG^wfvrvh-oop^p^WNOODO^m 
9» f" W f\f N Ol.nvi0)'—-4W00«4OVl^WWNNf\fm^»-r" » 
O O m M " » 0 W O f \ ) ( B \ 0 N V I 4 ^ O V I N r \ ) « ^ - . j ( ^ 0 ' - ^ 0 " V l O O f  
•  • ! • • • • • • • • • • • » • • • • • • • • • * •  
O O O O O O O O O O O O O O O O O Q O O O O O O O O I  
•  • « • • • • • • • • • • • • • • • • « > • • • • • (  
(X)»0'COp^^fvvi^-,i>0OMWvi^'*jmo»^w^^moi\)i 
u i » - ' O N O 0 ) ' C ^ v % ^ f ' V i * 4 0 ^ o ^ N 0 » o a " $ * " 4 f " \ n v \ \ r '  OOOf»P-lflV)f"NN(DCDOODWOOfVO^*W(^*0-^a3NO 
"«J «0 
O O O O O O O O O O O O O O O  
o o o* •»* 4^ W 
o o O O Q O O O O O O O O  
w 
CD g ^  œ 




O O O O O O O O O O O O O O O O O O O O O O O O O O O  




«ooo^wrvN»^'^ ) ^ 0 v ) * j 1 0 0 — '  
0^<0*^«04^0*>)C9GOUI9>\.nr^U1*-*iO*oJOD«<J-^(B*«J«4l>JO' 
"J CO o> u> ^  ^ rs) 
h^coc^wfvrv'-'^ ^ C D ^ o m v i a ) » ' * - J w a ) " y ( ^ v i ^ w w N ^ j f V f » « p - p ^  —  * -
a)Ooocop"OwoM(%}(DNvi^ov)p-i\fw«,^(?"(?"—JO^Lfioom#-^ 
• •••*•••••*••»•••••••••••••• ^ 
ooooooooooooooooooooooooooooz^ 
••••••••••••••••••••*•••••••00 
O O O O O » —  N(%)(DO\00»-^"WV)(y"'4«OOm-WLn(>-^a)O^W»f(?»(DOW(/) 
-^oe-p-ow»—4)ovia»00«0"«6^i—NWNM*^(7»0"4a9N0-i MwOf'OO^OOV1f'VlOOW»''^ON)fVNa'«OOOWN*-'^N 
1501310 1501410 1502310 1502410 
TIME MOIST TIME MOIST TIME MOIST TIME MOIST 
1 0. 0.3573 0. 0.4454 0. 0,3601 0. 0.4517 
2 5.  0.3582 7. 0.4452 8. 0,3551 9. 0,4538 
3 21. 0.3417 25. 0.4238 22. 0.3394 22. 0,4338 
4 35. 0.3305 40. 0.4096 40. 0.3256 39. 0.4128 
5 51. 0.3204 56. 0.3966 55. 0.3169 54. 0,3988 
6 67. 0.3117 71. 0.3858 72. 0.3085 70. 0.3864 
7 85. 0.3037 90. 0.3726 87. 0.3014 86. 0.3751 
8 106. 0.2953 110. 0.3616 106. 0.2933 104. 0.3640 
9 127. 0.2871 133. 0.3498 126. 0.2858 124. 0.3526 
10 160. 0.2759 164. 0.3352 149. 0.2778 146. 0.3414 
11 193. 0.2662 198. 0.3207 180. 0.2684 179. 0,3267 
12 230. 0.2570 235. 0.3068 213. 0.2592 212. 0,3134 
13 270. 0.2472 275. 0.2937 251. 0.2500 249. 0.3003 
14 315. 0.2375 320. 0.2808 291. 0,2410 289. 0.2872 
15 361. 0.2288 366. 0.2688 335. 0,2323 334, 0.2745 
16 418. 0.2195 423. 0.2557 382. 0,2243 380. 0,2629 
17 485. 0.2100 490. 0.2424 438. 0.2158 437. 0.2503 
18 556. 0.2013 561. 0.2300 505. 0.2069 504. 0,2373 
19 627. 0.1944 632. 0.2191 577. 0.1990 575. 0.2255 
20 735. 0.1854 740. 0.2055 648. 0.1922 646, 0,2155 
21 864. 0.1768 868. 0.1928 756. 0,1835 754, 0,2029 
22 1344. 0.1589 1348. 0.1657 884. 0.1753 882, 0.1910 
23 1822. 0.1541 2856. 0.1482 1364. 0.1579 1362. 0,1655 
24 2850. 0.1458 4676. 0.1405 2872. 0,1445 2870, 0.1500 
25 4671. 0.1401 5841. 0.1390 4691. 0,1397 4690, 0,1425 
26 5837. 0.1387 7585. 0.1379 5857, 0,1385 5855, 0.1395 
27 7581. 0.1378 10082. 0.1370 7600. 0.1376 7600, 0,1380 
1601310 1601410 1602310 1602410 
TIME HOIST TIME HOIST TIME MOIST TIME MOIST 
1 0. 0.3485 0. 0.4400 0, 0.3603 0. 0,4291 
2 6. 0.3542 9. 0.4452 4, 0.3681 5. 0,4390 
3 22. 0.3461 26. 0.4325 18. 0,3622 20, 0,4221 
4 34. 0.3399 38. 0.4245 32. 0,3535 37. 0,4077 
5 50. 0.3330 55. 0.4149 44. 0,3474 49. 0,3981 
6 67. 0.3267 73. 0.4059 61. 0.3397 66 .  0.3871 
7 88. 0.3199 92. 0.3975 78. 0,3329 82. 0,3778 
8 110. 0.3131 115. 0.3885 98. 0.3258 103. 0.3673 
9 135. 0.3060 140. 0.3786 121. 0.3184 125. 0.3568 
10 160. 0.2999 165. 0-3681 145. 0.3106 151. 0.3460 
II 192. 0.2925 197. 0.3570 171. 0,3035 175. 0.3366 
12 225. 0.2855 230. 0.3444 202. 0.2952 207. 0,3259 
13 265. 0.2774 270. 0.3328 236. 0.2871 240. 0,3151 
14 305. 0.2700 310. 0.3222 276. 0.2785 280. 0,3038 
15 349. 0.2625 354. 0.3109 316. 0.2706 321. 0.2934 
16 404. 0.2548 408. 0.2973 360. 0.2630 364. 0,2833 
17 458, 0.2475 462. 0.2861 414. 0.2545 419. 0,2720 
18 514. 0.2407 519. 0.2771 469. 0.2470 473, 0,2621 
19 599. 0.2323 603. 0.2616 525. 0.2400 529, 0.2530 
20 681. 0.2253 685. 0.2497 610. 0.2308 614, 0.2411 
21 819. 0.2155 822. 0.2351 693. 0.2234 696, 0.2315 
22 1392. 0.1937 1397. 0.2004 830. 0.2135 834, 0.2187 
23 1725. 0.1882 1730. 0.1921 1403. 0.1912 1407. 0.1905 
24 2925. 0.1811 2930. 0.1823 1735. 0.1860 1740. 0.1840 
25 4666. 0.1796 4671. 0.1803 2936. 0.1793 2940. 0.1759 
26 5850. 0.1795 5854. 0.1800 4677. 0.1781 4682. 0.1744 
27 8748. 0.1789 8753. 0.1793 5861, 0.1777 5866. 0.1740 
Fig. 30. Continued 
1503310 1503410 1504310 1504410 
TIME HOIST TIME MOIST TIME MOIST TIME MOIST 
0. 0.3688 0. 0.4455 0. 0.3481 0. 0.4259 
14. 0.3607 13. 0.4434 8. 0.3374 12. 0.3981 
28. 0.3453 26. 0.4227 22. 0.3218 27. 0.3775 
46. 0.3305 42. 0.4022 38. 0.3103 43. 0.3630 
61. 0.3208 57. 0.3882 54. 0.3011 58. 0.3521 
77. 0,3117 72. 0.3757 72. 0.2918 77- 0.3404 
93. 0.3041 88. 0.3648 93. 0.2838 97. 0.3294 
111. 0.2959 107. 0.3539 115. 0.2747 120. 0.3182 
131. 0.2879 127. 0.3426 147. 0.2639 151- 0.3050 
154. 0.2798 148, 0.3319 180. 0.2542 185- 0.2925 
186. 0.2695 181, 0.3170 217. 0.2449 222. 0.2802 
219. 0.2598 215, 0.3036 258. 0.2358 262. 0.2684 
256. 0.2506 251. 0.2909 302. 0.2270 306. 0.2570 
297. 0.2413 292. 0.2782 348. 0.2190 353. 0.2464 
341. 0.2324 336. 0.2656 405. 0.2105 410. 0.2352 
387. 0^2243 383. 0.2543 472. 0,2019 476. 0.2237 
444. 012155 440, 0.2420 544. 0.1941 548. 0.2133 
511. 0.2066 506, 0.2298 614. 0.1877 619. 0.2045 
582. 0.1984 578. 0.2185 723. 0.1795 727. 0.1932 
653. 0.1917 649. 0.2090 851. 0.1720 855. 0.1829 
762. 0.1829 757. 0.1968 1331. 0.1561 1335. 0.1613 
889. 0.1749 885. 0.1856 1810. 0.1495 1815. 0.1523 
1370. 0.1578 1365. 0.1624 2838. 0.1428 2843. 0.1440 
1849. 0.1511 1844. 0.1535 4658. 0.1393 4662. 0.1395 
2877. 0.1431 2872. 0.1441 5823. 0.1383 5828. 0.1384 
4697. 0.1393 4693. 0.1397 7568. 0.1375 7572- 0.1376 
5863. 0.1383 5858. 0.1385 10065. 0.1368 10068. 0.1369 
1603310 1603410 1604310 1604410 
TIME MOIST TIME HOIST TIME HOIST TIME MOIST 
0.  0W355O 0. 0.4326 0. 0.3418 0. 0.4506 
3. 0.3655 3. 0.4439 10. 0.3383 7. 0.4475 
15. 0.3537 14. 0.4344 23. 0.3282 19. 0.4245 
31. 0.3412 28. 0.4193 39. 0.3186 35. 0.4030 
48. 0.3313 44. 0.4061 56. 0.3110 52. 0.3880 
60. 0.3250 56. 0.3975 76, 0.3027 73. 0.3741 
77. Ok 3177 72. 0.3873 99. 0.2951 95. 0.3618 
93. 0.3113 89. 0.3783 124. 0.2875 120. 0.3503 
114. 0.3051 109. 0.3682 149. 0.2809 145. 0.3398 
137. 0.2976 132. 0.3581 180. 0.2734 177. 0.3283 
162. 0.2902 157. 0.3477 214. 0.2661 210. 0.3172 
187. 0.2837 182. 0.3380 254. 0.2584 250. 0.3053 
218. 0.2762 214. 0.3272 294. 0.2514 290. 0.2951 
252. 0.2689 247. 0.3168 338. 0.2448 335. 0.2846 
291. 0.2610 287. 0.3056 392. 0-2376 389. 0.2741 
332. 0.2541 327, 0.2955 446. 0.2313 443. 0.2644 
376. 0;2475 371, 0.2855 503. 0-2257 500. 0.2557 
430. 0.2401 426. 0.2748 588. 0,2183 585. 0.2443 
484. 0.2335 480, 0.2651 669. 0.2127 667. 0.2353 
540. 0.2278 536. 0.2564 807. 0.2053 804. 0.2232 
625. 0.2202 621. 0.2451 1381. 0.1900 1377. 0.1970 
707. 0.2142 704. 0.2361 1714. 0.1864 1710. 0.1906 
844. 0.2065 841. 0.2240 2914. 0.1820 2910. 0.1830 
1419. 0.1902 1414. 0.1971 4655. 0.1809 4651. 0.1812 
1752. 0.1865 1747. 0.1908 5839. 0,1810 5836. 0.1813 
2951. 0.1818 2947. 0.1830 8737. 0,1803 8733. 0.1803 
4693. 0.1810 4688. 0.1815 11615. 0.1802 11611. 0.1802 
5 
2101110 2101210 2101310 2101410 2102 110 
TIME HOIST TIME HOIST TIME HOIST TIME MOIST TIHE MOIST 
I 0.  0. 2173 0. 0.3106 0. 0.3552 0. 0.4101 0. Ok2156 
2 47. 0. 1838 36. 0.2587 26. 0.3197 11. 0.3992 43. 0.1842 
3 62. 0. 1776 51. 0.2441 41. 0.3008 26. 0.3827 58. 01.1784 
4 78. 0. 1724 67. 0.2317 57. 0.2841 42. 0.3676 74. 0.1728 
5 95. 0. 1677 84. 0.2214 74. 0.2697 59. 0.3534 91. 0.1682 b  IIO. 0. 1634 99. 0^2122 89. 0.2566 74. 0.3403 106. 0.1638 
7 125. 0. 1597 114. 0.2046 104. 0.2457 89. 0.3290 121. 0.1600 
8 155. 0. 1522 144. 0.1900 134. 0.2244 119. 0.3055 151. 011526 
9 185. 0. 1463 174n 0.1766 164. 0.2079 149. 0.2855 181. Ok 1466 
10 215. 0. 1412 204. 0.1693 194. 0.1945 179. 0.2676 211. 0.1413 
11 245. 0. 1365 234. 0.1608 224. 0*1822 209. 0.2501 241. 0.1365 
12 275. 0. 1324 264. 0.1538 254. 0.1719 239. 0.2348 271. 0.1324 
13 305. 0. 1289 294. 0.1475 284. 0.1630 269. 0.2211 301. 0,1287 
14 365. 0. 1219 354. 0.1364 344. 0.1474 329. 0.1943 361. 0.1219 
15 427. 0. 1168 416. 0.1285 406. 0.1368 391. 0.1741 423. 0^1164 
16 485. 0. 1123 474. 0.i;»23 464. 0.1284 449. 0.1583 481. 0.1121 
17 605. 0. 1051 394. 0.!124 584. 0.1165 569. 0.1347 601. Ok 1.047 
18 725. 0. 0993 714. 0.1047 704. 0.1073 669. 0.1186 721. 0.0988 
19 965. 0. 0910 954. 0.0945 944. 0.0958 929. 0.1017 961. 0k0904 
20 1385. 0.  0825 1374. 0.0846 1364. 0.0647 1349. 0.0878 1381. 0k0819 
21 1605. 0. 0761 1794. 0.0775 1784. 0.0778 1769. 0.0791 1801. 0.0755 
22 2225. 0. 0712 2214. 0.0720 2204. 0.0722 2189. 0.0732 2221. 0*0705 
23 2945. 0. 0660 2934. 0.0665 2924. 0.0667 2909 r. 0.0670 2941. 0%C653 
24 3665. 0. 0614 3654. 0.0618 3644. 0.0619 3629. 0.0619 3661. 0.0607 
25 4365. 0. 0579 4374. 0.0581 4364. 0.0563 4349. 0.0561 4361. 0.0.572 
26 5105. 0. 0545 5094. 0.0546 5084. 0.0547 5069. 0.0545 5101. 0.0539 
27 5825. 0. 0519 5614. 0.0519 5604, 0.0520 5789. 0.0518 5821. 0.0613 
28 6537. 0.  0494 6526. 0.0493 6516. 0.0495 6501. 0.0491 6533. 0.0488 
21031 10 2103210 2103310 2103410 
TIHE HOIST TIHE HOIST TIHE MOIST TIME MOIST 
1 0. 0. 2175 0. 0.3063 0. 0.3545 0. 0.4120 
2 43. 0. 1798 29. 0.2558 16. 0.3130 7. 0.3983 
3 58. 0. 1729 44. 0.2383 33. 0.2885 22. 0.3717 
4 74. 0. 1665 60. 0.2233 49. 0.2676 38. 0.3484 
5 91. 0. 1611 77. 0.2115 66. 0.2511 55. 0.3290 
6 106. 0. 1562 92. 0.2018 81. 0.2375 70. 0.3121 
7 121. 0. 1521 107. 0.1935 96. 0.2260 85. 0.2976 
8 151. 0. 1449 137. 0.1799 126. 0.2065 115. 0.2710 
9 181. 0. 1389 167. 0.1686 156. 0.1906 145. 0.2481 
10 211. 0. 1340 197. 0.1596 186. 0.1781 175. 0.2290 
11 241. 0. 1295 227. 0.1518 216. 0.1672 205. 0.2116 
12 271. 0. 1257 257. 0.1453 246. 0.1580 235. 0.1967 
13 301. 0. 1222 287. 0.1397 276. 0.1502 265. 0.1837 
14 361. 0. 1162 347. 0.1301 336. 0.1376 325. 0.1625 
15 423. 0. 1114 409. 0.122? 398. 0.1283 387. 0.1468 
16 481. 0. 1075 467. 0.1173 456. 0.1212 445. 0.1354 
17 6-ii .  0.  1011 587. 0.1084 576. 0.1108 565. 0.1194 
18 721. 0. 0958 707. 0.1015 696. 0.1030 665. 0.1085 
19 961. 0. 0884 947. 0.0923 936. 0.0926 925. 0.0958 
20 1381. 0. 0807 1367. 0.0832 1356. 0.0833 1345. 0.0846 
21 1801. 0.  0748 1787. 0.0765 1776. 0.0764 1765. 0.0772 
22 2221. 0.  0701 2207. 0.0714 2196. 0.0712 2185. 0.0716 
23 2941. 0.  0654 2927. 0.0662 2916. 0.0659 2905. 0.0661 
24 3661. 0.  0609 3647. 0.0613 3636. 0.0613 3625. 0.0615 
25 4381. 0. 0573 4367. 0.0579 4356. 0.0577 4345. 0.0578 
26 5101. 0. 0542 5087. 0.0545 5076. 0.0544 5065. 0.0544 
27 5821. 0. 0516 5807. 0.0519 5796. 0.0518 5785. 0.0517 
28 6533. 0.  0491 6519. 0.0492 6508. 0.0491 6497. 0.0490 
21041 
TIME 
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0.  0.3025 
34.  0.2551 
64.  0.2285 
95.  0.2072 
124.  0.1922 
154.  0.1787 
184.  0.1672 
214.  0.1588 
244.  0.1513 
304.  0.1391 
364.  0.1300 
424.  0.1232 
544.  0.1131 
724.  0.1029 









































































0 . 1 8 1 8  
0.1706 
0 .1610  
0.1458 
0.1345 
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0.  O.J 54 8 
22.  0.3064 
52.  0.2665 
83.  0.2373 
112.  0.2163 
142.  0.1983 
172.  0.1833 
202.  0.1716 
232.  0.1616 
292.  0.1461 
352.  0.1351 
412.  0.1270 
532.  0.1156 
712.  0.1047 













0.  0.4167 
14.  0.3916 
44.  0.3507 
75.  0.3164 
104.  0.2896 
134.  0.2643 
164.  0.2416 
194.  0.2232 
224.  0.2068 
284.  0.1801 
344.  0.1600 
404.  0.1457 
524.  0.1266 
704.  0.1103 













0.  0.4154 
18.  0.3767 
48.  0.3313 
79.  0.2942 
108.  0.2671 
138.  0.2414 
168.  0.2196 
198.  0.2024 
228.  0.1877 
288.  0.1643 
348.  0.1477 
408.  0.1361 
528.  0.1208 
708.  0.1073 















































































































































































0 .  0.3017 
38.  0.2347 
68.  0.2099 
99.  0.1908 
128.  0.1783 
158.  0.1663 
188.  0.1566 
218.  0.1493 
248.  0.1431 
308.  0.1329 
368.  0.1252 
428.  0.1197 
548.  0.1109 
728.  0.1020 













0.  0.3493 
26.  0.3072 
56.  0.2726 
87.  0.2446 
116.  0.2242 
146.  0.2058 
176.  0.1900 
206.  0.1775 
236.  0.1667 
296.  0.1495 
356.  0.1371 
416.  0.1285 
536.  0.1162 
716.  0.1045 













0.  0.3528 
22.  0.2981 
52.  0.2578 
83.  0.2285 
1 1 2 .  0 . 2 0 8 1  
142. 0.1908 
172.  0.1764 
202.  0.1655 
232.  0.1562 
292.  0.1421 
352.  0.1320 
412.  0.1247 
532.  0.1143 
712.  0.1040 













0 .  
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52. 
83.  


















































0.  0.4171 
18.  0.3739 
48.  0.3256 
79.  0.2871 
108.  0.2594 
138.  0.2342 
1 6 8 .  0 . 2 1 2 8  
198. 0.1964 
228.  0.1824 
288.  0.1607 
348.  0.1452 
408.  0.1343 
528.  0.1199 
708.  0.1072 
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Fig. 30. Continued 
2411110 2411410 2411420 2411430 
TIME HOIST TIME HOIST TIHE HOIST TIHE HOIST 
1 0.  0.2106 0.  0.4028 0.  0.4131 0.  0.4423 
2 39.  0.1842 6.  0.3978 22.  0.3814 29.  0.3921 
3 59.  0.1754 26.  0.3743 42.  0.3537 49.  0.3568 
4 79.  0.1688 46.  0.3521 62.  0.3315 69.  0.3324 
5 109.  0.1599 76.  0.3236 92.  0.2998 99.  0.3002 
6 139.  0.1533 106.  0.2982 122.  0.2761 129,  0.2754 
7 169.  0.1475 136.  0.2759 152.  0.2535 159.  0.2530 
a 209.  0.1410 176.  0.2496 192.  0.2263 199.  0.2258 
9 269.  0.1340 236.  0.2177 252.  0.1987 259.  0.1975 
10 329.  0.1284 296.  0.1927 312.  0.1769 319.  0.1749 
11 389.  0.1241 356.  0.1738 372.  0.1606 379.  0.1590 
12 449.  0.1207 416.  0.1597 432.  0.1491 439.  0.1474 
13 569.  0.1155 536= 0.1410 552.  0.1341 559.  0.1325 
14 809.  0.1088 776.  0.1220 792.  0.1185 799.  0.1175 
15 1365.  0.1020 1332.  0.1068 1348.  0.1058 1355.  0.1051 
16 1882.  0.0996 1849.  0.1020 1865.  0.1016 1872.  0.1011 
17 3229.  0.0968 3196.  0.0977 3212.  0.0975 3219.  0.0972 
18 4687.  0.0958 4654.  0.0961 4670.  0.0961 4677.  0.0959 
19 8701.  0.0943 8668.  0.0944 8684.  0.0945 8691.  0.0943 
20 13340. 0.0942 13307. 0.0942 13323. 0.0942 13330. 0.0942 
2413110 2413410 2413420 2413430 
TIHE HOIST TIHE MOIST TIHE HOIST TIHE MOIST 
1 0.  0.2074 0.  0.4066 0.  0.4162 0.  0.4306 
? 43.  0.1780 10.  0.3884 14.  0.3876 21.  0.3793 
3 63.  0.1687 30.  0.3510 34.  0.3554 41.  0.3375 
4 83.  0.1625 50.  0.3250 54.  0.3286 61.  0.3090 
5 113.  0.1541 80.  0.2903 84.  0.2946 91.  0.2764 
6 143.  0.1479 110.  0.2628 114.  0.2673 121.  0.2496 
7 173.  0.1425 140.  0.2397 144.  0.2440 151.  0.2280 
8 213.  0.1365 180.  0.2136 184.  0.2172 191.  0.2042 
9 273.  0.1304 240.  0.1869 244.  0.1890 251.  0.1784 
10 333.  0.1254 300.  0.1670 304.  0.1683 311.  0.1603 
11 393.  0.1214 360.  0.1530 364.  0.1539 371.  0.1476 
12 453.  0.1183 420.  0.1428 424.  0.1434 431.  0.1386 
13 573.  0.1136 540.  0.1298 544.  0.1301 551.  0.1269 
14 813.  0.1077 780,  0.1162 784.  0.1164 791.  0.1146 
15 1369.  0.1015 1336.  0.1048 1340.  0.1048 1347.  0.1039 
16 1886.  0.»992 1853.  0.1011 1857.  0.1011 1864.  0.1005 
17 3233.  0.0967 3200.  0.0974 3204.  0.0974 3211.  0.0970 
18 4691.  0.0957 4658.  0.0961 4662.  0.0961 4669.  0.0959 
19 8705.  0.0943 8672.  0.0944 8676.  0.0944 8683.  0.0943 
20 13344. 0.0942 13311. 0.0942 13315. 0.0942 13322. 0.0942 
Fig. 30. Continued 
2412110 2412410 2412420 2412430 
TIME HOIST TIME HOIST TIME MOIST TIHc HOIST 
0.  0.2118 0.  0.4023 0.  0.4128 0,  0.4239 
35.  0.1854 14.  0.3804 18.  0.3824 25.  0.3697 
55.  0.1762 34.  0.3476 38.  0.3505 45.  0.3366 
75.  0.1691 54.  0.3245 58.  0.3269 65.  0.3137 
105.  0.1604 84.  0.2908 88.  0.2942 95.  0.2838 
135.  0.1533 114.  0.2660 118.  0.2678 125.  0.2597 
165.  0.14,75 144.  0.2425 148.  0.2451 155.  0-2393 
205.  0.1412 184.  0.2165 188.  0.2190 195.  0.2152 
265.  Ob 1340 244.  0.1895 248.  0.1923 255.  0.1895 
325.  0.1286 304.  0.1692 308.  0.1718 315.  0.1697 
385.  0.1243 364.  0.1545 368.  0.1571 375.  0.1556 
445.  0.1209 424.  0.1440 428.  0.1465 435.  0.1450 
565.  0.115T 544.  0.1308 548.  0.1328 555.  0.1315 
805.  0.1093 784.  0.1168 788.  0.1182 795.  0.1172 
1361.  0.1024 1340.  0.1052 1344.  0.1057 1351.  0.1052 
1878.  0.1000 1857.  0.1012 1861.  0.1016 1868.  0.1012 
3225.  0i0971 3204,.  0 .0974 3208.  0.0975 3215.  0.0973 
4683.  0.0962 4662.  0.0961 4666.  0.0961 4673.  0.0960 
8697.  0.0944 8676.  0.0945 8680.  0.0944 8687.  0.0943 
13336. 0.0942 13315. 0.0942 13319. 0.0942 13326. 0.0942 
2414110 2414310 2414410 2414430 
TIME MOIST TIHE- HOIST TIHE HOIST TIME MOIST 
0.  0.2090 0.  0.3708 0.  0.4045 0.  0.4166 
43.  0i l766 17.  0.3244 10.  0.3834 32.  0.3437 
63.  0.1678 37.  0.2915 30.  0.3462 52.  0.3123 
83.  0.1616 57.  0.2667 50.  0.3192 72.  0.2900 
113.  0.1531 87.  0.2383 80.  0.2847 102.  0.2593 
143.  0èl471 117.  0.2165 110.  0.2574 132.  0.2370 
173.  0.1418 147.  0.1990 140.  0.2342 162.  0.2172 
213.  0.1362 187.  0.1805 180.  0.2084 202.  0.1947 
273.  0.1298 247.  0.1612 240.  0.1823 262.  0.1732 
333.  0.1249 307.  0.1478 300.  0.1632 322.  0.1570 
393.  0.1210 367.  0.1384 360.  0.1499 382.  0.1451 
453.  0.1176 427.  0.1314 420.  0.1403 442.  0.1369 
573.  0.1134 547.  0.1223 540.  0.1281 562.  0.1263 
813.  0.1075 787.  0.1120 780.  0.1153 802.  0.1148 
1369.  0.1015 1343.  0.103-2 1336.  0.1045 1358.  0.1044 
1886.  0.0993 1860.  0.1002 1853b 0.1008 1875.  0.1010 
3233.  0.0,968 3207.  0.0972 3200.  0.0973 3222.  0.0974 
4691.  0.0958 4665.  0.0960 4658.  0.0960 4680.  0.0962 
8705.  0.0944 8679.  0.0945 8672.  0.0944 8694.  0.0945 
13344. 0.0942 13318. 0.0942 13311. 0.0942 13333. 0.0942 
2511310 2511410 2512310 2512410 
TIME MOIST TIME MOIST TIME MOIST TIME HOIST 
1 0.  0.3627 0.  0.4271 0.  0.3575 0.  0.4306 
2 10.  0.3601 14.  0.4218 4.  0.3788 5.  0.4513 
3 32.  0.3319 37.  0.3870 19.  0.3528 23.  0.4072 
4 52.  0.3155 56.  0.3678 40.  0.3264 45.  0.3757 
5 76.  0.3001 81.  0.3469 61.  0.3097 65.  0.3564 
6 103.  0.2863 107.  0.3,?i '>8 85.  0.2944 89.  0.3364 
7 133.  0.2704 137.  0.3060 112.  0.2796 116.  0.3165 
8 169.  0.2542 172.  0.2845 142.  0.2638 146.  0.2955 
9 199.  0.2416 202.  0.2688 178.  0.2469 181.  0.2743 
10 238.  0.2266 247.  0.2490 208.  0.2345 211.  0.2588 
11 283- 0.2122 290.  0.2417 246.  0.2205 252- 0.2400 
12 340.  0.1967 346.  0.2132 291.  0.2062 297.  0.2230 
13 402.  0.1835 408.  0.1965 348.  0.1912 354- 0.2051 
14 475.  0.1705 480.  0.1812 410.  0.1785 416- 0.1894 
15 604.  0.1549 609.  0.1615 483.  0.1667 488- 0.1751 
16 737.  0.1446 742.  0.1491 611.  0.1521 617.  0.1570 
17 850.  0.1390 854.  0.1421 743.  0.1431 750.  0.1456 
18 1340.  0.1284 1346.  0.1296 858.  0.1380 862.  0.1396 
19 1718.  0.1257 1723.  0.1262 1347.  0.1280 1355.  0.1285 
20 2196.  0.1246 2201.  0.1247 1726.  0.1254 1731.  0.1256 
26013 110 2601410 2602310 2602410 
TIME HOIST TIME MOIST TIME MOIST TIME MOIST 
1 0.  0.3675 0.  0.4537 0.  0.3739 0.  0.4648 
2 5.  0.3871 9.  0.4710 7.  0.3937 6.  0.4870 
3 27.  0.3620 32.  0.4459 25.  0.3772 21.  0.4609 
4 42.  0.3548 49.  0.4359 48.  0.3540 43- 0.4325 
5 62.  0.3438 69.  0.4251 65.  0.3440 59.  0.4183 
6 87.  0.3346 94.  0.4109 86.  0.3374 79.  0.3998 
7 112.  0.3284 118.  0.3961 110.  0.3275 104.  0.3832 
R 143.  0.3220 149.  0.3761 135.  0.3135 129.  0.3654 
9 181.  0.3067 188.  0.3528 165.  0.3074 160.  0.3432 
10 220.  0.2920 226.  0.3350 204.  0.2870 199.  0.3193 
11 267.  0.2744 273.  0.3158 242.  0.2731 237.  0.3003 
12 333.  0.2585 338.  0.2902 289.  0.2593 284.  0.2822 
13 410.  0.2407 414.  0.2686 354.  0.2443 349.  0.2628 
14 511.  0.2205 515.  0.2436 430.  0.2294 426.  0.2438 
15 627.  0.2059 631.  0.2227 532.  0.2138 527.  0-2242 
16 794.  0.1923 798.  0.2042 647.  0.2019 643.  0.2093 
17 1425.  0.1792 1883.  0.1791 814.  0.1907 810.  0.1952 
18 1876.  0.1737 2991.  0.1680 1447.  0.1800 1441.  0.1750 
19 2985.  0.1723 4457.  0.1694 1900.  0.1734 1893.  0.1738 
20 4452.  0.1730 5812.  0.1682 3009.  0.1737 5824.  0.1735 
Fig. 30. Continued 
2513310 2513410 2514310 2514410 
TIME HOIST TIME MOIST TIHE MOIST TIME MOIST 
0.  0.3595 0.  0.4242 0.  0.3612 0.  0.  4246 
8.  0.3683 8.  0.4360 8.  0.3531 6.  0.  4244 
27.  0.3300 24.  0.3990 31.  0.3205 27.  0.  3826 
50.  0.3059 45.  0.3690 51.  0.3030 48.  0.  3591 
70.  0.2914 66 .  0.3493 75.  0.2848 72.  0.  3372 
94.  0.2762 90.  0.3301 lOlw 0.2672 99.  0.  3153 
121.  0.2605 117.  0.3104 132.  0.2499 129.  0.  2931 
151.  0L2449 147.  0.2903 167.  0.2328 164.  0.  2711 
186.  0.2289 162.  0.2693 197.  0.2204 195.  0.  2547 
216.  0w2174 213.  0.2539 240.  0.2054 233.  0.  2369 
259.  0.2027 252.  0.2366 283.  0.1934 278.  0.  2193 
302.  0.1914 296.  0.2201 340.  0.1800 335.  0.  2014 
360.  0.1785 353.  0.2026 402.  0.1690 397.  0.  1864 
421.  0.1678 415.  0.1873 474.  0.1588 470.  0.  1717 
493.  0.1581 489.  0.1731 603.  0.1463 598.  0.  1545 
622.  0.1460 617.  0.1557 736.  0.1388 730.  0.  1440 
755.  0.1386 750.  0.1449 848.  0.1347 845.  0.  1381 
867.  0.1346 863.  0.1390 1341.  0.1269 1334.  0.  1273 
1360.  0.1268 1354.  0.1281 1717.  0.1250 1713.  0.  1252 
1737.  0.1247 1731.  0.  1254 2195.  0.1236 2190.  0.  1238 
2603310 2603410 2604310 2604410 
TIME MOIST TIME HOIST TIHE MOIST TIHE MOIST 
0.  0.3682 0.  0.4594 0.  0.3587 0.  0.  4656 
3- 0.3953 3.  0.4857 9.  0.3636 14.  0.  4556 
16.  0.3712 14.  0.4658 25.  0.3419 30.  0.  4259 
32.  0k3483 28.  0.4403 45.  0.3221 52.  0.  3963 
55.  0.3237 50.  0.4091 70.  0.3035 76.  0.  3689 
72.  0.3127 66.  0.393'7 95.  0.2879 101.  0.  3457 
92.  0.3003 86.  0.3745 126.  0.2705 131.  0.  3204 
117.  0.2867 110.  0.3553 164.  0.2541 170.  0.  2959 
141.  0.2748 136.  0.3410 203.  0.2420 208.  0.  2769 
172.  0.2600 167.  0.3191 249.  0.2308 255.  0.  2603 
211.  0.2462 205.  0.2965 314.  0.2190 319.  0.  2420 
249.  0.2359 244.  0.2810 391.  0.2075 395.  0.  2245 
296.  0.2260 291.  0.2643 492.  0.1966 497.  0.  2081 
361.  0.2158 355.  0.2470 608.  0.1883 612.  0.  1959 
438.  0.2056 434.  0.2298 776.  0.1816 780.  0.  1857 
538.  0.1962 534. .  0 .2143 1406.  0.1647 1413.  0.  1695 
654.  0.1885 651.  0.2010 1859.  0.1695 1866.  0.  1699 
822.  0.1816 818.  0-1894 2968.  0.1700 2974.  0.  1699 
1453.  0.1644 1448.  0.1645 4434.  0.1720 4439.  0.  1716 
1905.  0W1693 1899.  0.1696 5789.  0.1723 5794.  0.  1722 
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3321110 3321210 3321310 3321410 
HOIST TIME MOIST TIME MOIST TIME MOIST 
1 0.  0.1983 0.  0.2895 0.  0.3757 0.  0.3759 
2 46.  0.1623 29.  0.2317 23.  0.3095 6.  0.3663 
3 59.  0.1550 42.  0.2140 36.  0.2826 19.  0.3400 4 70.  0.1494 53.  0.2003 47.  0.2592 30.  0.3187 
5 82.  0.1442 65.  0.1876 59.  0.2365 42.  0.2987 
6 95.  0.1387 78.  0.1760 72.  0.2183 55.  0.2779 
7 111.  0.1336 94.  0.1651 88.  0.2007 71.  0.2557 
8 126.  0.1288 109.  0.1554 103.  0.1852 86.  0.2357 
9 141.  0.1251 124.  0.1481 118.  0.1737 101.  0.2194 
10 156.  0.1219 139.  0.1421 133.  0.1637 116.  0.2054 
11 185.  0.1159 168.  0.1313 162.  0.1471 145.  0.1808 
12 216.  0.1107 199c 0.1227 193.  0.1341 176.  0.1606 
13 244.  0.1071 227.  0.1168 221.  0.1253 204.  0.1472 
14 312.  0.0993 295.  0.1054 289.  0.1101 272.  0.1238 
15 378.  0.0940 361.  0.0981 355.  0.1009 338.  0.1102 
16 438.  0.0901 421.  0.0929 415.  0.0950 398.  0.1020 
17 558.  0.0842 541.  0.0860 535.  0.0872 518.  0.0910 
18 825.  0.0760 808.  0.0765 802.  0.0769 785.  0.0784 
19 1514.  0.0665 1497.  0.0665 1491.  0.0665 1474.  0.0665 
3323110 3323210 3323310 3323410 
TIME HOIST TIME MOIST TIME HOIST TIME MOIST 
1  0.  0.2125 0.  0.2975 0.  0.3726 0.  0.3979 
2 40.  0.1660 22.  0.2437 15.  0.3140 10.  0.3648 
3 53.  0.1576 35.  0.2219 28.  0.2760 k3.  0.3240 
4 64.  0.1509 46.  0.2071 39.  0.2513 34.  0.2939 
5 76.  0.1446 58.  0.1940 51.  0.2300 46.  0.2679 
6 89.  0.1386 71.  0.1820 64.  0.2098 59.  0.2438 
7 105.  0.1329 87.  0.1695 80.  0.1916 75.  0.2215 
8 120.  0.1276 102.  0.1595 95.  0.1766 90.  0.2014 
9 135.  0.1237 117.  0.1513 110.  0.1650 105.  0.1869 
10 ISO. 0.1202 132.  0.1444 125.  0.1555 120.  0.1750 
11 179.  0.1141 161.  0.1332 J. 54.  0.1403 149: 0.1549 
12 210.  0.1089 192.  0.1241 185.  0.1284 180.  0.1397 
13 238.  0.1053 220.  0.1177 213.  0.1207 208.  0.1297 
14 306.  0.0979 288.  0.1061 281.  0.1071 276.  0.1127 
15 372.  0.0928 354.  0.0986 347.  0.0988 342.  0.1028 
16 432.  0.0890 414.  0.0935 407.  0.0935 402.  0.0964 
17 552.  0.0835 534.  0.0862 527.  0.0860 522.  0.0879 
18 819.  0.0756 801.  0.0765 794.  0.0763 789.  0.0773 
19 1508.  0.0665 1490.  0.0665 1483.  0.0665 1478.  0.0665 





46.  0.1648 
57.  0kl581 
69.  0.1517 
82.  0.1456 
98.  01.1391 
113.  0.1336 
128.  0.1291 
143.  0.1254 
172.  0.118S 
203.  0.1127 
231.  0.1086 
299.  0.1004 
365.  0.0947 
425.  0.0906 
545.  0.0.B45 
812.  0.0760 
1501.  0.0665 
3324110 
TIME HOIST 
0.  3.  2081 
40.  0.  1610 
53.  0.  1531 
64.  0.  146? 
76.  01.1407 
89.  0.  1350 
105.  0.  1297 
120.  0.  1248 
135.  0.  1211 
150.  0.  1179 
179.  0.  1122 
210.  0.  1074 
238.  0.  1039 
306.  0.  0969 
372.  0.  0920 
432.  0.  0884 
552.  0.  0831 
819.  0.  0754 
1508.  0.  0665 
3322210 
TIME HOIST 
0.  0.  3160 
25.  0.  2569 
38.  0.  2350 
49.  0.  2193 
61.  0.  2049 
74.  0.  1904 
90.  0.  1772 
105.  0.  1658 
120.  0.  1569 
135.  0.  1497 
164.  0.  1372 
195.  0.  1272 
223.  0.  1202 
291.  0.  1077 
357.  0.  0997 
417.  0.  0942 
5S7.  0. 0868 
804.  0.  0769 
1493.  0.  0665 
3324210 
TIME MOIST 
0.  0.  2953 
33.  0.  2162 
46.  Q. 2009 
57.  0.  1881 
69.  0.  1758 
82.  0.  1654 
98.  0.  1556 
113.  0.  1468 
128.  0.  1403 
143.  0.  1348 
172.  0.  1253 
203.  0.  1178 
231.  0.  1122 
299.  0.  1024 
365.  0.  0958 
425.  0.  0911 
545.  0.  0847 
812.  0.  0760 
1501.  0.  0665 
3322310 
TIME HOIST 
0.  0.  3751 
19.  0.  3178 
32.  0.  2862 
43.  0.  2620 
55.  0.  2406 
68.  0.  2207 
84.  0.  2025 
99.  0.  1861 
114.  0.  1733 
129.  0.  1642 
158.  0.  1471 
189.  0.  1340 
217.  0.  1252 
285.  0.  1099 
351.  0.  1008 
411.  0.  0948 
531.  0.  0869 
798.  0.  0768 
1487.  0.  0665 
3324310 
TIME HOIST 
0.  0.  3814 
15.  0.  3053 
28.  0.  2677 
39.  0.  2435 
51.  0.  2230 
64.  0.  2039 
80.  0.  1863 
95.  0.  1718 
110.  0.  1606 
125.  0.  1515 
154.  0.  1371 
185.  0.  1259 
213.  0.  1185 
281.  0.  1057 
347.  0.  0979 
407.  0.  0927 
527.  0.  0854 
794.  0.  0760 
1483.  0.  0665 
3322410 
TIME MOIST 
0.  0.  4001 
14.  0.  3606 
27.  0.  3269 
38.  0.  2984 
50.  0.  2716 
63.  0.  2485 
79.  0.  2266 
94.  0.  2064 
109.  0.  1918 
124.  0.  1794 
153.  0.  1583 
184.  0.  1421 
212.  0.  1317 
260.  0.  1139 
346.  0.  1036 
406.  0.  0968 
526.  0.  0882 
793.  0.  0773 
1482.  0.  0665 
3324410 
TIME MOIST 
0.  0.  3934 
10.  0.  3554 
23.  0.  3147 
34.  0.  2853 
46.  0.  2603 
59.  0.  2362 
75.  0.  2147 
90.  0.  1959 
105.  0.  1822 
120.  0.  1709 
149.  0.  1521 
180.  0.  1378 
208.  0.  1285 
276.  0.  1123 
342.  0.  1027 
402.  0.  0963 
522.  0.  0878 
789.  0.  0772 
1478.  0.  0665 
3401110 3401310 
TIME MOIST TIME MOIST 
I  0 .  0.2479 0.  0.3237 
2 12.  0.2375 25.  0.2846 
3 33.  0.2148 46.  0.2585 
4 54.  0.1969 67.  0.2356 
5 75.  0.1836 88.  0.2181 
6 96.  0.1725 109.  0.2030 
7 117.  0.1635 130.  0.1898 
B 138.  0.1556 151.  0.1784 
9 211.  0.1333 224.  0.1468 
10 275.  0.1208 288.  0.1294 
11 348.  0.1111 361.  0.1165 
12 468.  0.1010 481.  0.1033 
13 592.  0.Q946 605.  0.0955 
14 823.  0.0859 836.  0.0855 
15 1463.  0.0788 1476.  0.0780 
16 2242.  0.0755 2255.  0.0774 
17 3075.  0.0739 3088.  0.0733 
18 4603.  0.0724 4616.  0.0720 
19 6025.  0.0719 6038.  0.0715 
20 8931.  0.3710 8944.  0.0706 
21 11689. 0.0701 11702. 0.0699 
22 14690. 0.0697 14703. 0.0695 
23 19009. 0.0689 19022. 0.0688 
3403110 3403310 
TIME HOIST TIME MOIST 
1 0.  0.2385 0.  0.3427 
2 16.  0.2155 29.  0.2833 
3 37.  0.1955 50.  0.2498 
4 58.  0.1791 71.  0.2242 
5 79.  0.1681 92.  0.2051 
6 100.  0.1582 113.  0.1886 
7 121.  0.1498 134.  0.1756 
8 142.  0.1426 155.  0.1644 
9 215.  0.1254 228.  0.1372 
10 279.  0.1153 292.  0.1225 
11 352.  0.1076 365.  0.1118 
12 472.  0.0990 485.  0.1007 
13 596.  0.0936 609.  0.0939 
14 827.  0.0860 840.  0.0853 
15 1467.  0.0796 1480.  0.0784 
16 2246.  0.0764 2259.  0-0755 
17 3079.  0.0750 3092.  0.0741 
18 4607^ 0.0731 4620.  0.0727 
19 6029.  0.0727 6042.  0.0722 
20 8935.  0.0716 8948.  0.0712 
21 11693. 0.0707 11706. 0.0704 
22 14694. 0.0701 14707. 0.0698 
23 19013. 0.0692 19026. 0.0691 
Fig. 30. Continued 
3401320 3401410 3402110 
TIME MOIST TIME MOIST TIME MOIST 
0.  0.3657 0.  0.3692 0.  0.2545 
26.  0.3201 40.  0.2847 8.  0.24.69 
47.  0.2841 61.  0.2529 29.  0;2226 
68.  0.2512 82.  0.2263 50.  0.2032 
89.  0.2289 103.  0.2079 71.  0.1898 
110.  0.2085 124.  0.1919 92.  0.1778 
131.  0.1914 145.  0.1786 113.  0.1678 
152.  0.1761 166.  0.1668 134.  0.1589 
225.  0.1412 239.  0.1396 207.  0-1354 
289.  0.1225 303.  0.1243 271.  0.1221 
362.  0.1097 376.  0.1130 344.  0.1122 
482.  0.0978 496.  0.1013 464.  0.1016 
606.  0.0910 620.  0.0942 588.  0.0950 
837.  0.0831 851.  0.0850 819.  0.0862 
1477.  0.0773 1491.  0.0779 1459.  0.0790 
2256.  0.0749 2270.  0.0748 2238.  Oi.0758 
3089.  0.0739 3103.  0.0735 3071.  0.0745 
4617.  0.0725 4631.  0.0720 4599.  0.0727 
6039.  0.0723 6053.  0.0716 6021.  0.0721 
8945.  0.0714 8959.  0.0709 8927.  0.0712 
11703. 0.0706 11717. 0.0700 11685. 0.0703 
14704. 0.0699 1471,8.  0.0696 14686. 0.0699 
19023. 0.0691 19037. 0.0688 19005. 0.0689 
3403320 3403410 3404 110 
TIME MOIST TIME MOIST TIME MOIST 
0.  0.3889 0.  0.3917 0.  0.2468 
18.  0.3349 32.  0.3090 16.  0.2214 
39.  0.2883 53.  0.2705 37.  0.1992 
60.  0.2520 74.  0.2399 58.  0.1821 
81.  0.2260 95.  0.2187 79.  0.1704 
102.  0.2049 116.  0.1999 100.  0.1603 
123.  0.1876 137.  0.1853 121.  0.1520 
144.  0.1730 158.  0.1731 142.  0.1444 
217.  0.1383 231.  0.1430 215.  0.1269 
281.  0.1209 295.  0.1270 279.  0.1168 
354. .  0.1088 360.  0.1151 352.  0.1090 
474.  0.0975 480.  0.  1030 472.  0.1005 
598.  0.0910 612.  0.0955 596.  0.0950 
829.  0.0830 843.  0.0859 827.  0.0.875 
1469.  0.0773 1483.  0.0785 1467.  O.OSll 
2248. 0.0749 2262.  0.0753 2246.  0.0780 
3081.  0.0738 3095.  0.0741 3079.  0.0765 
4609.  0.0724 4623.  0.0724 4607.  0.0747 
6031.  0.0721 6045.  0.0719 6029.  0.0742 
8937.  0.0712 8951.  0.0710 8935.  0.0727 
11695. 0.0704 11709. 0.0703 11693. 0.0715 
14696. 0.0699 14710. 0.0698 1-.  694.  0.0707 
19015. 0.0691 19029. 0.0691 19013. 0.0694 
3402310 3402320 3402410 
TIME MOIST TIME MOIST TIME MOIST 
0.  0.  3261 0.  0.  3676 0.  0.3703 
33.  0.  2605 22.  0.  3209 36.  0.2896 
54.  0.  2320 43.  0.  2782 57.  0.2574 
75.  0.  2070 64.  0.  2450 78.  0.2312 
96.  0.  1903 85.  0.  2210 99.  0.2118 
117.  0.  1750 106.  0.  2006 120.  0.1956 
138.  0.  1625 127.  0.  1839 141.  0.1822 
159.  0.  1514 148.  0.  1694 162.  0.1705 
232.  0.  1264 221.  0.  1362 235.  0.1424 
296.  0.  1124 285.  0.  1194 299- 0.1273 
369.  0.  1020 358.  0.  1080 372.  0.1159 
409.  0.  0913 478.  0.  0970 492.  0.1041 
613.  0.  0847 602.  0.  0909 616.  0.0969 
844.  0.  0760 833.  0.  0832 847.  0.0874 
1484.  0.  0693 1473.  0.  0777 1487.  0.0799 
2263.  0.  0662 2252.  0.  0753 2266.  0.0766 
3096.  0.  0648 3005.  0.  0743 3099.  0.0753 
4624.  0.  0633 4613.  0.  0729 4627.  0.0735 
6046.  0.  0629 6035.  0.  0726 6049.  0.0730 
8952.  0.  0619 8941.  0.  0717 8955.  0.0719 
11710. 0.  0611 11699. 0.  0708 11713. 0.0710 
14711. 0.  0605 14700. 0.  0702 14714. 0.0703 
19030. 0.  0597 19019. 0.  0692 19033. 0.0692 
3404310 3404320 3404410 
TIME HOIST TIME MOIST TIME MOIST 
0- 0.  3413 0.  0.  3665 0.  0.3673 
29- 0.  2787 IB. 0.  3232 44.  0.2524 
50.  0.  2465 39.  0.  2766 65.  0.2264 
71.  0.  2211 60.  0.  2415 86.  0.2030 
92.  0.  2016 81.  0.  2177 107.  0.1873 
113.  0.  1860 102.  0.  1971 128.  0.1735 
134.  0.  1732 123.  0.  1810 149.  0.1623 
155.  0.  1624 144.  0.  1675 170.  0.1525 
228.  0.  1365 217.  0.  1358 243.  0.1307 
292.  0.  1223 281.  0.  1197 307.  0.  1184 
365.  0.  1119 354.  0.  1087 380.  0.1093 
485.  0- 1012 474.  0.  0982 500.  0.0997 
609.  0.  0946 598.  0.  0921 624.  0.0938 
840.  0.  0863 829.  0.  0844 855.  0.0859 
1480.  0.  0795 1469.  0.  0789 1495.  0.0797 
2259.  0.  0765 2248.  0.  0767 2274.  0.0769 
3092.  0.  0752 3081.  0.  0756 3107.  0-0756 
4620.  0- 0735 4609.  0.  0739 4635.  0.0740 
6042.  0- 0731 6031.  0.  0736 6057.  0-0735 
8948.  0.  0720 8937.  0.  0726 8963.  0.0723 
11706. 0.  0711 11695. 0.  0713 11721. 0.0713 
14707. 0.  0705 14696. 0.  0706 14722. 0.0705 
19026. 0.  0694 19015. 0.  0694 19041. 0.0693 
2311410 2311420 2311430 2311440 
TIME HOIST TIHE HOIST TIHE HOIST TIME MOIST 
1 0.  0.3987 0.  0.3828 0.  0.4075 0.  0.4020 
2 17.  0.3728 7.  0.3725 12.  0.3885 14.  0.3781 
3 43.  0.3404 37.  0.3297 36.  0.3539 38.  0.3450 4 67.  0.3150 61.  0.3047 60.  0.3251 62.  0.3185 5 91.  0.2925 85.  0.2826 84.  0.3008 86.  0.2961 
6 115.  0.2725 109- 0.2622 108.  0.2789 110.  0.2763 
7 139.  0.2546 133.  0.2440 133.  0.2615 135.  0.2594 
8 164.  0.2402 158.  0.2303 163.  0.2407 165.  0.2396 9 194.  0.2225 188.  0.2140 196.  0.2230 198.  0.2201 
10 227.  0.2056 221.  0.2004 235.  0.2043 237.  0.1999 
11 266.  0.1884 260.  0.1853 318.  0.1721 320.  0.1701 
12 349.  0.1618 343.  0.1585 404.  0.1495 406.  0.1488 
13 435.  0.1428 429.  0.1401 522.  0.1299 524.  0.1298 
14 553.  0.1262 547.  0.1242 715.  0.1122 717.  0.1124 
15 746.  0.1105 740.  0.1092 1325.  0.0903 1327.  0.0907 
16 1356.  0.0902 1350.  ) .08-^0 1929.  0.0819 1931.  0.0823 
17 1960.  0.0820 1954.  0.0815 3022.  0.0742 3024.  0.0744 
18 3053.  0.0744 3047.  0.0740 4436.  0.0695 4438.  0.0696 
19 4467.  0.0695 4461.  0.0694 6075.  0.0669 6077.  0.0669 
20 6106.  0.0669 6100.  0.0669 9021.  0.0646 9023.  0.0646 
2313410 2313420 2313430 2313440 
TIME HOIST TIHE HOIST TIME MOIST TIME HOIST 
1 0.  0.4177 0.  0.3909 0.  0.3919 0.  0.4009 
2 14.  0.3910 7.  0.3792 4.  0.3838 18.  0.3607 
3 39.  0.3492 36.  0.3333 28.  0.3404 42.  0.3238 
4 63.  0.3164 60.  0.3047 52.  0.3095 66 * 0.2944 
5 87.  0.2891 84.  0.2804 76.  0.2851 90.  0.2700 
6 111.  0.2658 108.  0.2589 100.  0.2634 114.  0.2491 
7 135.  0.2458 132.  0.2397 125.  0.2457 139.  0.2328 
8 160.  0.2295 157.  0.2255 155.  0.2259 169.  0.2142 9 190.  0.2111 187.  0.2082 188.  0.2084 202.  0.1976 
10 223.  0.1945 220.  0.1933 227.  0.1904 241.  0.1806 
11 262.  0.1781 259.  0.1779 310.  0.1623 324.  0.1548 
12 345.  0.1530 342.  0.1534 396.  0.1427 410.  0.1371 
13 431.  0.1359 423.  0.1367 514.  0.1256 528.  0.1221 14 549.  0.1213 546.  0.1221 707.  0.1098 721.  0.1080 
15 742.  0.1074 739.  0.1080 1317.  0.0896 1331.  0.0890 
16 1352.  0.0888 1349.  0.0891 1921.  0.0816 1935,  0.0812 
17 1956.  0.0811 1953.  0.0813 3014.  0.0741 3028.  0.0738 
18 3049.  0.0739 3046.  0.0740 4428.  0.0695 4442.  0.0695 19 4463.  0.0694 4460.  0.0694 6067.  0.0670 6081.  0.0669 
20 6102.  0.0669 6099.  0.0669 9013.  0.0646 9027.  0.0646 
Fig. 31. Other selected experimental data 
2312410 2312420 2 312430 2312440 
TIME HOIST TIME HOIST TIHE HOIST TIME HOIST 
0.  0.4142 0.  0.3987 0.  0.3960 0.  0.4035 
16.  0.3849 8.  0.3847 8.  0.3873 22.  0.3616 
40.  0.3522 36.  0.3398 32.  0.3497 46.  0.3266 
64.  0.3246 60.  0.3116 56.  0.3193 70.  0.2988 
88.  0.2996 84.  0.2871 80.  0.2948 94.  0.2732 
112.  0.2786 108.  0.2654 104.  0.2732 118.  0.2514 
136.  0L2603 132.  0.2464 129.  0.2553 143.  0.2356 
161.  0.2438 157.  0.2317 159.  0.2346 173.  0.2162 
191,  0.2251 167.  0.2141 192.  0.2161 206.  0.1994 
224.  0.2085 220.  0.1982 231.  0.1961 245.  0.1825 
263.  0.1908 259.  0.1820 314.  0.1654 328.  0.  1557 
346.  0.1629 342.  0-1565 400.  0.1443 414.  0.1378 
432.  0.1435 428.  0.1388 518.  0.1263 532.  0.1223 
550.  0^1266 546.  0.1234 711.  0.1099 725.  0.1079 
743.  0.1107 739.  0.1089 1321.  0.0894 1335.  0.0887 
1353.  0.0903 1349.  0.0896 1925.  0.0814 1939.  0.0809 
1957.  0.0820 1953.  0.0817 3018.  0.0739 3032.  0.0736 
3050.  0.0743 3046.  0.0742 4432.  0.0692 4446.  0.0690 
4464.  0.0697 4460.  0.0696 6071.  0.0667 6085.  0.0665 
6103.  0.0669 6099.  0.0670 9017.  0.0646 9031.  0.0646 
2314410 2314420 2314430 2314440 
TIME HOIST TIME HOIST TIME HOIST TIME HOIST 
0.  0.4166 0.  0.4040 0.  0.4004 0.  0.4003 
14.  0.3892 7.  0.3887 16.  0.3622 18.  0.3586 
39.  0.3480 36.  0.3376 40.  0.3250 42.  0.3213 
63.  0.3149 60.  0.3069 64.  0.2957 66.  0.2924 
87.  0.2878 84.  0.2813 88.  0.2701 90.  0.2683 
111.  0.2649 108.  0.2588 112.  0.2482 114.  0.2476 
135.  0.2451 132.  0.2389 137.  0.2323 139.  0.2315 
160.  0.2286 157.  0.2241 167.  0.2131 169.  0.2132 
190.  0.2104 187.  0.2063 200.  0.1966 202.  0.1968 
223.  0.1941 220.  0.1911 239.  0.1795 241.  0.1804 
262.  0.1777 259.  0.1755 322.  0.1531 324.  0.1551 
345.  0.1525 342.  0.1515 408.  0.1357 410.  0.1377 
431.  0.1355 428.  0.1352 526.  0.1207 528.  0.  1226 
549.  0.1209 546.  0.1209 719.  0.1067 721.  0.  1084 
742.  0.1070 739.  0.1073 1329.  0.0883 1331.  0.0893 
1352.  0^0886 1349.  0.0869 1933.  0.0807 1935.  0.0815 
1956.  0.0808 1953.  0.0811 3026.  0.0737 3028.  0.0742 
3049.  0.0738 3046.  0.0739 4440.  0.0693 4442.  0.0696 
4463.  0.0693 4460.  0.0695 6079.  0.0668 6081.  0.0670 
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APPENDIX C: METHODS USED IN EVALUATING THE 
HUKILL-SCHMIDT MODEL 
Transition Point 
The transition between the first and second aspects of the Hukill-
Schmidt model (22) is a function of the initial and final kernel 
humidities and the exponents of the second terms of each aspect. The 
model in differential form is: 
a b 
dt/dm = C^/(h-hg) + (h^-h) 
h^ > h > h^ (17a) 
h > h_> h (17b) 
dt/dm = C^/(h-h^) + Cg/(h-hg) 
At the transition point it is assumed that: 1) time is continuous 
and 2) the drying rate is continuous. Equations 17a and 17b are set equal 
at h = h^; 
= C3/(h^-h^)'= (13) 
The difference (D) between the square of the values computed by 17a and 
by 17b is: 
D = [C2(h^-h)^]^ - [C^/(h-hg)'']^ (19) 
If this difference is zero at the transition point, then it must also be 
the minimum within the region around the transition point. Differenti­
Ill 
ating D with respect to h gives; 
b-1 c+1 
dD/dh = -2 C_b(h^-h) + 2 C^c/(h-hg) (20) 
when dD/dh = 0, then h = h^: 
b-1 c+1 
= C^c/(h^-hg) (21) 
Combining Equations 18 and 21 gives: 
C3/C2 = (ho-h^)^ (VM"" = (b/c)(h^-hp^"^ (22) 
Rearranging Equation 22 gives: 
hg-h^ = (b/c) (hjj-hg) 
hx = (ho-he)[c/(b+c)J + hg (23) 
Hukill and Schmidt fixed these exponents (b=l, c=2) and found the transi­
tion to occur at 
t-x = (2/3) (h.-h,) + h. 
Numerical Integration Procedure 
The relationship between moisture and relative humidity used in 
evaluating the integrals of the Hukill-Schmidt model, is given in graphi­
cal form. The following numerical procedure was used in this evaluation. 





is the area bounded by: 
X = a 
X = b 
y = f(x) 
y = 0 
Dividing the interval b-a into n equal segments, the total area can be 
approximated by the sum of the areas of each segment. In mathematical 
form this gives: 
b 
J"f(x)dx = (b-x^_^) If(b) + f(x^_^)J/2 + . . . 
a 
+ (x2-xj^)[f(x2) + f(x^)]/2 
+ (x]^-a)lf(x^) + f(a)J/2 
L + f(x^_^)]/2 (24) 
i=l 
Applying this method to the Huki11-Schmidt model results in the following 
equations: 
t = Cj^ Z (nij^-ni^^]^) ^Ll/(h(mj^)-hg) ] + [ l/(h(m^^j^)-h^) ]J/2 
n-1 






= L •j[l/(h(mj_)-hg) ]+[ l/(h(m^+j^)-hg)^] j /2 
i=n ^ J 
X 
n-1 
+ C3 Z (m.-m.^p[Ll/(h(nii)-h3)'^ + [ l/(h(m.+i)/2 
i=-r> ^ ^ 
+ > h > hg 
(26) 
The interval is continuously decreased as the value of 
(h(m^)-hg) approaches zero. This method was programmed for computation 
on the high-speed digital computer. 
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APPENDIX D: METHOD FOR ESTIMATING THE DRYING RATE 
In examining the experimental data to determine the effects of the 
test variables on the drying curve, the drying rate is used. Use of the 
rate function is desirable because it gives an instantaneous picture of 
the drying pattern whereas the time function gives a cumulative picture. 
The rate of drying (r) between two points can be expressed by the 
formula: 
^1-2 " 
In some instances, however, it is desirable to know the rite at a given 
data point. Since a high-speed digital computer was used for the analy­
sis, a more elaborate method was developed. 
Consider three consecutive data points: P^ = (m^,t , Pg = (mgftg) 
and = (m^,t^) (Fig. 32). Let the distance (D) between the first two 
points be given by: 
D = (mj^-m2)^ + (tj^-t2)^ (28) 
Next choose the point halfway between P-j^ and P2 and call it Pg^. On the 
line connecting P^ and lying at the angle 
A = Arctan [(m^-m^)/(tg-t^)] 
from the horizontal, measure the distance D/2 from point Pg call this 
point Pjj. Then the coordinates of P^^ and Py are: 
Pg = (®a'^a^ = [(mj+m2^/2, (tj^+t2)/2] (29a) 
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= (®2 " sin A, + (D/2) cos A) (29b) 
The rate at ?£ is: 
2^ = (30) 
This procedure was followed for all interior points. 
The above procedure could not be used to determine the drying rate 
at the first and last points. For these special cases, Equation 27 was 
employed using the end point and the next adjacent point. The resulting 
rate was attributed to the end point. 
The drying rate corresponding to the initial moisture by the above 
method was influenced greatly by the warm-up period. An apparent initial 
drying rate was determined to exclude the effects of the warm-up period. 
In determining the apparent initial rate, the first point and any 
succeeding points which exhibit a higher drying rate than the immediately 
preceding point are excluded. A straight line is then fitted through the 
next four points on a rate (dm/dt) versus moisture plot and the intersec­







Fig. 32. Determination of rate of drying 
